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LAND SNAIL FAUNAS IN POLISH FORESTS: 


PATTERNS OF RICHNESS AND COMPOSITION IN A POST-GLACIAL LANDSCAPE 


Robert A. D. Cameron'*, Beata M. Pokryszko? & Michal Horsák? 


ABSTRACT 


We examine variation in species richness, species composition and distance decay in 
similarity in forest snail faunas from Poland and a small part of Transcarpathian Ukraine, 
and their connection with geographical position in relation to Pleistocene refugia. Forest 
faunas were sampled from sites of standard size in each of ten regions. Data were analysed 
using DCA and partial CCA, extracting the geographical, climatic and ecological correlates 
with the major axes. Relationships among site and regional faunas were further examined 
through the Simpson Index of Similarity. Site species richness shows no significant varia- 
tion with geographical position or climate, but relates to soil and vegetation characteristics. 
Composition varies with location; southern highland faunas differ from one another far more 
than do northern lowland faunas, showing a clear east-to-west pattern of change. The ag- 
gregate highland fauna is richer than that of the lowlands, which is a subset of the former. 
Two intermediate upland regions show different associations, one with the highlands the other 
with the lowlands. Lowland faunas, even over large distances, are very similar, and all relate 
more closely to the western end of the highlands than to the east. Disaggregating the fauna 
into large and small species shows that the former show a stronger geographical pattern than 
the latter; most universally distributed species are small. Latitudinal variation in regional rich- 
ness, and longitudinal differentiation among highland faunas relate to distance from glacial 
refugia. This is not reflected in site species richness, raising questions about the assembly 
rules for local faunas. The western bias in the relationships of lowland faunas to those of the 
highlands, the differences between large and small species and the varying rates of faunal 
turnover within the area studied suggest that patterns of post-glacial dispersal are complex 
and incompletely understood. 
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INTRODUCTION 


The fauna and flora of northern Europe, arc- 
tic-alpine relicts excepted, are mostly products 
of dispersal from more southerly refuges in the 
late Pleistocene/early Holocene. While refugia 
in the Iberian Peninsula, Italy and the Balkans 
were sources of many immigrants, the status 
of more northerly areas in Central Europe as 
refugia is now well attested (Willis et al., 2000; 
Stewart & Lister, 2001; Willis & Van Andel, 
2004). Furthermore, patterns of tree dispersal 
suggest that the post-Pleistocene process of 
colonisation is not complete, and has not taken 
place at equal rates in all directions (Svenning & 
Skov, 2007; Svenning et al., 2008). Population 
genetics evidence suggests that range expan- 


sion can come about by accidental long-range 
transport of propagules, a leptokurtic dispersal 
that can create discontinuous ranges despite 
continuous environmental suitability (Ibrahim 
et al., 1996; Hewitt & Ibrahim, 2001). 
Hausdorf & Hennig (2003) showed that the 
land mollusc fauna of northern Europe has 
nested patterns that can be related to Alpine 
and Carpathian refugia. Lowland faunas to the 
north are subsets of the richer regional faunas 
to the south (Cameron, 2004). While there are 
a few forest-dwelling species that existed north 
of the mountain ranges through the last glacia- 
tion (Moine et al., 2008) and rather more that 
survived in the Hungarian Carpathian Basin, 
not far from the area north of the Carpathians 
in which our samples were made (Willis et al., 
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1995, 2000; Pokorny, 2002; Sümegi € Krolopp, 
2002), most present-day forest faunas exist in 
places unoccupied by those species until ap- 
proximately 10,000 BP or later. Although the 
western, alpine or eastern affinities of some 
species can be identified (Hausdorf & Hennig, 
2003), there are many for which the origins 
are obscure, and northern faunas have accu- 
mulated from diverse sources (Waldén, 1986). 
There are many species with discontinuous 
ranges, not easily explained in terms of the 
present environment (Wiktor, 2004). 

In this paper, we use data from forest sites 
in Poland and part of Transcarpathian Ukraine 
to examine the roles of dispersal and ecology 
in determining patterns of species richness, 
composition and faunal turnover in an area 
that covers a wide range of distances from 
possible sources. 


MATERIAL AND METHODS 


Samples of land snails were taken in 161 for- 
est sites (149 in Poland, 12 in Transcarpathian 
Ukraine) between 2001 and 2007. Sites were 
located in clusters by geographical region, 
though these regions varied considerably in 
size. Figure 1 shows the locations of the regions 
(details of the locations of sites are given in Ap- 
pendix 1). The Sudetes, Pieniny, southeastern 
Poland and Transcarpathian Ukraine regions 
are mountainous, and are regarded as highland 
regions. Kaszuby, Romnicka, Bialowieza and 
Roztocze, in the Northern European Plain, are 
regarded as lowland. Ojców, at the southern 
end of the Kraków — Czestochowa upland, and 
Holy Cross (the isolated Góry Swietokrzyskie, 
reaching a maximum 695 m) are regarded as 
upland. Analyses of material from Biatowieza 
and Kaszuby have been published elsewhere 
(Cameron & Pokryszko, 2004, 2006), but the 
data are included here. 

Each site was selected to yield a fauna typi- 
cal of its region, thus avoiding obvious gross 
disturbance or monoculture plantations. Each 
site, of approximately 400 m2, was searched 
by two people for between one and two hours, 
and between 10 and 20 litres of litter were 
collected from the site and sieved. This varia- 
tion in sampling effort was designed to ensure 
adequate numbers for inventory at each site 
(Cameron & Pokryszko, 2005). Methods of 
processing samples otherwise follow Cameron 
& Pokryszko (2004). Slugs are not included 
in our analyses; the sampling methods used 


do not give reliable results for inventories. 
Nomenclature generally follows Wiktor (2004); 
exceptions are noted in Appendix 2. 

Location and altitude were determined from 
maps, and climatic data from Hijmans et al. 
(2005). Apart from these continuous vari- 
ables, ordinal scores were recorded for slope, 
amount of exposed rock or scree, of limestone 
substrate, of disturbance and of permanently 
waterlogged ground. Ordinal scores were also 
recorded for presence/dominance of tree spe- 
cies and field layer plants typical of particular 
soil conditions. Combinations of these scores 
were also used. The presence or absence of 
a stream or river, of large rotting timber, and of 
predominantly bare ground under the canopy 
were also recorded. In total, 35 geographical, 
climatic and environmental variables were used 
(Appendix 1, which also shows a PCA analysis 
of relationships between them). 

The completeness of inventories was exam- 
ined using the Chao 1 Estimator (Colwell & 
Coddington, 1994; Walther & Moore, 2005), 
using the number of species in each sample 
represented by one and by two individuals. The 
number of such species in each sample was 
very small (often zero), and the errors associ- 
ated with the estimate in this situation are very 
large. Following Cameron & Pokryszko (2005) 
and Cameron et al. (2006), we have therefore 
taken the mean numbers of each per site by 
region to give an approximate indication of the 
number of species missing (data not shown). 
These estimates are very low, and show no 
relationship to the median sample size in each 
region. We have made no corrections to allow 
for missing species. 

Most species in our array showed a unimodal 
response in ordination (showing a single mode 
in the mid range, rather than a linear response). 
We therefore used ordination techniques (Cor- 
respondence Analysis, Ter Braak & Prentice, 
1988) based on such a response model (Leps 
& Smilauer, 2003). The species-by-sites matrix 
was analysed by Detrended Correspondence 
Analysis, DCA, (numbers transformed as log 
* 1; rare species downweighted) to expose 
the major compositional gradients in the data. 
We chose an indirect gradient analysis (i.e. 
DCA) since our study is not hypothesis-testing 
research and no guarantee can be given that 
all relevant factors associated with each major 
compositional gradient have been measured 
(for details, see Okland, 1996). To explain the 
gradients in the species data, the correlations 
with geographical, climate, and environmental 
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variables were examined using Spearman cor- 
relations (rs) with site scores on the first four 
DCA axes. The matrix of two-dimensional geo- 
graphical coordinates was completed by adding 
all terms for a cubic trend surface regression and 
these nine parameters were used as descriptors 
of spatial structure (for details, see Borcard et 
al., 1992). To separate the independent varia- 
tion caused by particular external factors (i.e., 
environment, climate, and space) we used the 
variation partitioning approach using separate 
Canonical Correspondence Analyses (partial 
CCAs) (Borcard et al., 1992). Details of the 
CCAs are given in Appendix 3 (Table 4). The 
CANOCO 4.5 package (Ter Braak & Smilauer, 
2002) was used for ordination techniques and 
STATISTICA 7 (Hill & Lewicki, 2007) for uni- 
dimensional analyses. Sequential Bonferroni 
corrections of the significance level were used 
for multiple comparisons of environmental vari- 
ables (Holm, 1979). 

Further analyses use Whittaker's Index of Di- 
versity for among site diversities within regions 
and the Simpson indices of similarity between 
regional faunas (Index 22 in Koleff et al., 2003: 
370), using both the total inventory for each and 
mean site-by-site indices within each region. The 
Simpson Index counteracts the effects of differ- 
ent richness among sites, and enables variance 
estimates to be made. A Mantel test was used 
to detect spatial autocorrelation and distance 
decay, the rate of change in faunal composition 
with distance (Nekola & White, 1999). 


RESULTS 


The 161 sites produced a total of 86,191 in- 
dividuals of 111 species (Appendix 2). Of these 
111 species, 12 were found in only one site, 
and 10 were represented in the whole array by 
fewer than 10 individuals. While some of these 
can be regarded as rare forest species, others 
are typical of open and disturbed habitats. Nine 
species in this category (indicated in Appendix 
2) have been eliminated from the array before 
analysis, which uses the remaining 102. 


Species Richness 


Table 1 shows the mean, median and the 
range of site species richness by region. There 
is considerable variation both among and within 
regions, but there are no significant relation- 
ships with either latitude or longitude, or with al- 
titude. Only the environmental factors shown in 
Table 2 have significant effects. Those showing 
positive associations are themselves correlated. 
Table 2 also shows their combined effect, where 
only the combination of high scores over all fac- 
tors produces a significant effect. The contrast 
between the two upland regions (Ojców and 
Holy Cross: Table 1) has an ecological cause; 
samples from Ojców are all from mixed forests 
on rocky limestone, while most of those from 
Holy Cross come from relatively small patches 
of partly deciduous forest in an area of acidic 
soils dominated by conifers. The only negative 


TABLE 1. Basic data for the samples used in this study. 


No. of No. of Mean per 
Region Samples Mean Nos. Median Nos. Range Nos. Species Sample SD Median Range 
Lowland 
Kaszuby 14 529 494 247—894 43 24.7 42 26 17-31 
Romincka [^ 830 766 474—1702 50 91 3.5 32.5 24-35 
Bialowieza Ave 272 236 126—669 46 24.5 4.8 25 13-32 
Roztocze 18 612 489 253-2257 52 22.9 35 22 18-29 
Upland 
Holy Cross 6 367 971 178—543 38 19.0 3./ 18.5 19-25 
Ojców 7 982 932 804-1247 44 36.4 2.0 37 39-89 
Highland 
Sudetes 39 390 334 141—953 13 25.9 5.2 24 17-38 
Pieniny 16 318 309 171-561 60 STS 5.0 30 26-43 
S'E. Poland. 32 971 477 229-1018 71 30.8 48 31 21-43 
Ukraine 12 307 264 77-774 44 2916 42 26 16-31 
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TABLE 2. Mean site species richness in relation to 
environmental variables. In each case, 0, absent; 
1, present but not abundant; 2, dominant or abun- 
dant. MDW: mixed deciduous woodland containing 
Tilia, Fraxinus or Ulmus and without a single domi- 
nant species. Rich: the occurrence of herbaceous 
plants indicating nutrient rich soil. Lime: limestone 
substrate at surface. Comb: the added scores for 
rocks, limestone, MDW and rich (maximum 8). 
Dist: 1 indicates evidence of recent disturbance. 

The overall mean for all sites is also given. *, **, *** 

significant differences from the other caregories at 
P « 0.05, 0.01, 0.001 respectively. 


n Mean SD 

Rocks 

2 31 30: 9** 5.96 

1 37 26.2 5077 

0 93 26.7 5.43 
MDW 

2 67 28.6* 6.62 

1 72 27.0 4.89 

0 22 25.1 5:90 
Comb 

7-8 18 Soo” 3.95 

5-6 22 28.2 52 

3-4 61 26.7 5.61 

0-2 65 26.1 527 
Lime 

2 217 Som 6.11 

1 12 24.3 4.55 

0 122 26.9 5.58 
Rich 

2 32 ge Pi 5.36 

1 73 26.2 5.02 

0 56 26.3 5.86 
Dist 

1 39 2001" 5164 

0 122 27.9 5.87 


All 161 27.4 5.84 


factor to achieve significance relates to distur- 
bance, which was never extreme. 


Composition: Site-by-Site Analyses 
Figure 2 shows the distribution of sites on 


the first two axes of the DCA analysis, coded 
by region. It is evident that much of the varia- 


tion in the data is among regions. The first 
axis separates the highland regions along an 
east-west axis, but with all lowland regions at 
the left end regardless of location; the second 
axis reflects a complex interaction of latitude, 
longitude and environment. There is a small 
overlap between the main lowland cluster and 
that of the Sudetes. Of the two upland areas, 
Ojców is in the highland sequence, and oc- 
cupies an appropriate geographical position 
between the Sudetes and the Pieniny (Fig. 1). 
Holy Cross sites generally fall into the lowland 
cluster. Figure 2 also shows the relationships of 
the most significant environmental variables to 
the DCA axes (correlations among all explana- 
tory variables and sites scores on the first four 
ordination axes are available in Appendix 3 
(Table 1). DCA analysis based on presence and 
absence, CCA analysis, and PCoA analysis of 
presence and absence data, using site-by-site 
values of the Simpson Index of similarity (data 
not shown) produce very similar patterns; pres- 
ence or absence of species accounts for most 
of the pattern observed. The clear regional 
grouping of sites implies a degree of spatial 
autocorrelation, or, reversing the emphasis, 
of distance decay in similarity, and an overall 
Mantel test on Simpson similarities in the whole 
array gives r = 0.576 (P « 0.001). 

The independent effects of different cat- 
egories of external variables were determined 
and tested by partial CCAs (details: Appendix 
3, Table 4). The pure effect of location, inde- 
pendent of other variables, has a major influ- 
ence on distribution of species. Hence, further 
analyses examine the geographical pattern in 
more detail. 


Composition: Regional Analysis 


There are clear differences in the amount of 
heterogeneity within regions. Table 3 demon- 
strates this, comparing values of Whittaker's 
Index, its variant lmax, and of the mean site- 
by-site Simpson Index for each region. The 
size of the region over which samples were 
taken is important, as is the range of forest 
types sampled in each. However, there is no 
clear geographical pattern within regions (data 
not shown), and in all regions the richest site 
contains more than half of all species we found 
in its region; we therefore use total regional 
faunas to explore patterns in more detail. 

At the coarsest scale, there are clear differ- 
ences between lowland and highland regions. 
Table 4 shows that while most species in the 
lowlands occur in at least three of the four 
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FIG. 1. Map showing the location and approximate size of regions within which 
samples were taken. 


TABLE 3. Values of Whittaker’s index, Imax, and mean site-by-site Simpson 
indices for each region. SE, Standard Error of the mean Simpson Index. 


Region No. Whitt. Whitt. max Mean Simpson SE 
Kaszuby 14 1.74 ioe 0.81 0.010 
Romincka 12 1:61 1.43 0.81 0.010 
Bialowieza Pr 1.88 1.44 0.84 0.007 
Roztocze TS 2027 1.79 0.68 0.012 
Holy Cross 6 2.00 1:52 Onn 0.031 
Ojcow 7 1.20 1.166 0.91 0.009 
Sudetes 39 2.82 1.92 0.69 0.006 
Pieniny 15 1.92 1.40 0.79 0.009 
SE Poland 32 2.81 1.65 0.72 0.004 


Ukraine 12 1.71 1.42 079 0.011 


gn - 
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FIG. 2. Plots of site scores on the first two axes of a DCA, using log-transformed abun- 
dances. Explanatory variables significantly and highly correlated (rs > 0.5) with the first two 
DCA axes are shown in the bottom right. Sites are coded by region. Diamonds, highland 
regions; circles, upland; squares, lowland. Black, Romincka; dark blue, Biatowieza; light 
green, Roztocze; yellow, Kaszuby; red, Holy Cross; pink, Ojców; orange, Sudetes; pale 
blue, Pieniny; dark green, S.E. Poland; grey, Ukraine. 


TABLE 4. Patterns of distribution of species among lowland, highland and upland regions. A: Species 
unique to each category. Unique in the lowland and highland columns takes no account of presence in 
either upland region. B: Numbers of species occupying 1, 2, 3, 4 regions within the category concerned. 
Highland widespread indicates species also present in one or more lowland regions. 


A Lowland Highland Highland ex Ukraine Ojców Holy Cross 
No. of samples 56 92 80 7 6 
Total species 64 97 93 44 38 
Unique 3 36 32 1 1 
% Unique 4.7 37.1 34.4 23 2.6 
Not in Lowland 10 (23%) 3 (8%) 

B All Lowland Highland widespread X Highland only All Highland 
1 Region 10 8 16 24 
2 Regions 11 42 9 21 
3 Regions 19 18 8 26 


4 Regions 30 23 3 26 
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FIG. 3. The relationships of regional faunas to those of the Sudetes and of S.E. Poland, (a), Simpson 
Index; (b), mean geographic distance; the diagonal line indicates equal distance/similarity. 


lowland regions, the split is more even in the 
highlands. Within the highlands, species also 
found in the lowlands are more widespread 
among the former. Only three species found in 
the lowlands are missing from the highlands; 
one of these is the very rare wetland specialist 
Cochlicopa nitens. The other two, Aegopinella 
nitidula and Clausilia bidentata, are species with 
western affinities (Wiktor, 2004). In contrast, 
36 species are unique to the highlands, and 
only four of these are restricted to Ukraine; the 
lowland fauna is a subset of the highland fauna. 
The upland regions, Ojcow and Holy Cross, are 
intermediate, though differing from one another 
greatly; Ojców has a much higher proportion of 
species not found in the lowland regions. 


At a finer grain, there are differences among 
regions. Table 5 shows among-region similari- 
ties using Simpson Indices for the whole fauna 
of each region. The four lowland regions show 
strong affinities with each other. They also show 
strong affinities to the Sudetes, and lower af- 
finities to the other highland regions (Fig. 3). 
Kaszuby and Romincka have faunas that are 
little more than subsets of that of the Sudetes, 
although the latter is the furthest away from the 
Sudetes. Similarly, both upland regions relate 
more to the Sudetes than to other highland re- 
gions; this accords with geographical distance 
for Ojców, but not for Holy Cross. Within the 
highland regions, in contrast, similarity is clearly 
related to geographical distance. 


TABLE 5. Simpson indices between total regional faunas. In general, differences between indices 
greater than 0.025 are significant. The top third of values are in bold. 


A rom bia roz hcr 
kas 0.91 0.93 0.79 0.74 
rom 0.89 0.84 0.84 
bia 0.87 0.76 
roz 0.82 
her 
ojc 
sud 
pie 


ojc sud pie sep ukr 
0.56 0.95 02 0.74 0.47 
0.64 0.98 0.78 0.80 0.35 
057 0.89 0.78 0.80 0.50 
0.59 0.90 0.77 0.87 0.61 
0755 0.92 0.76 0.79 0.45 
0.89 0.84 0.77 0.52 
0.85 0.76 0.64 
0.88 0.75 
0.82 
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FIG. 4. Plots of site scores on the first two axes of a DCA using (a) large species and 
semislugs only, and (b) using small species only (see text). Symbols as in Fig. 2. 


Although there is spatial autocorrelation over- 
all (see above), these patterns indicate that the 
rate of distance decay in similarity varies greatly 
from any one region to others. The Simpson 
index between regional faunas shows only a 
weak association with distance (rs = -0.244, P 
7 0.1) and this is largely an effect of Ukraine; 
without this region there is no connection with 
distance (rs = -0.04, P > 0.8). 


Composition: Species Analysis 


Among the 102 species included in the analy- 
sis, 12 were recorded in all 10 regions while 16 
were found only in one (Table 6). Examples of 
both widely and narrowly distributed species 
can be found in all those family or superfamily 
groupings with numerous species. Positions on 
the DCA biplot (not shown) reflect geographical 
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TABLE 6. Universal and unique species (by region). The first 10 universal species are also the most 
frequent by sites occupied. Asterisked species are small (see text). There were no species unique to 
Pieniny, Kaszuby, Romincka or Roztocze. For comment on Vestia sp. see Appendix 2. 


Universal Species Site Freq. Regs 


Unique Species ukr sep sud bia ojc her 


*Punctum pygmaeum 159 10 Vestia sp. X 

*Carychium tridentatum 152 10 Mastus bielzi X 

"Aegopinella pura 148 10 Drobacia banatica X 

*Columella edentula 138 10 Acicula perpusilla X 

*Acanthinula aculeata 129 10 Carpathica calophana X 

*Vertigo pusilla 126 10 Trichia bakowskii X 

*Euconulus fulvus 125 10 Pagodulina pagodula X 

Cochlodina laminata 125 10 Eucobresia diaphana X 

Vitrina pellucida 120 10 Causa holosericum X 

Cochlicopa lubrica 100 10 Helicodonta obvoluta X 

*Vitrea crystallina 70 10 Oxychilus draparnaudi X 

Helix pomatia 75 10 Cochlodina costata X 
Cochlicopa nitens X 
Pyramidula pusilla E 
Vestia elata X 

distribution. The only association with extent of DISCUSSION 


distribution that we can detect is size. For pur- 
poses of analysis, we have followed Hausdorf 
& Hennig (2003) in taking the 26 species with 
maximum shell dimension less than 5 mm to 
be small, and regarding all others, including 
all semislugs, as large. Seven of the ten most 
frequent species by sites are small, as are eight 
out of the 12 found in all ten regions (Table 6). 
These proportions are significantly different 
from those in the remainder (y? test, P < 0.001 
in each case). 

When sites are analysed by DCA using small 
and large species separately (Fig. 4, Appendix 
3), the effects of size are manifest; for large 
species alone, sites in lowland regions cluster 
closely together, while the distinctions between 
them and highland regions, and among the 
highland regions are more marked than for the 
fauna as a whole (Fig. 2). In contrast, the pat- 
tern for small species is much less clear, with 
more overlap among regions. Only latitude, 
slope and precipitation show major relation- 
ships to the axes in the latter, and that for 
latitude is much weaker than for large species 
(rs = 0.69, as compared with 0.90). Simpson 
Indices for small species alone are higher 
than those for the fauna as a whole; for some 
lowland comparisons, species compositions 
are identical (data not shown). 


Five major findings emerge from our analyses: 


(1) The species richness of individual sites 
varies rather little, and relates to ecological 
conditions rather than geographical posi- 
tion. 

(2) Composition, however, relates to geogra- 
phy, in large part independently of present 
climate or other ecological constraints. 

(3) Highland regions are richer than lowland 
regions; the former are much closer to 
putative Pleistocene refugia. 

(4) Distance decay in similarity varies; low- 
land faunas are all very similar, and show 
a greater similarity to that of the Sudetes 
than to those of other highland regions fur- 
ther east, even when the latter are nearer. 
Highland regions are more differentiated. 

(5) Large species show more differentiation 
among regions than small species. 


For site species richness, our results strength- 
en those of Pokryszko & Cameron (2005), who 
used less standardised data over a larger area. 
At the scale of small sites, forest snail faunas 
show no pronounced change in richness with 
latitude. Site faunas from England or southern 
Sweden are as rich as those 600 km or more 
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to the south (Waldén, 1981; Cameron et al., 
2006). While comparable data are sparse, the 
relative stability of species richness in forest 
sites across Europe stands in sharp contrast 
to the strong latitudinal trend for overall re- 
gional species richness within the continent 
(Cameron, 2004). Only in the far north (above 
60^), where forest types are very restricted, 
or in the far east, in the southern Urals, very 
far from any refugia and with a more extreme 
climate (Horsák et al., in press), is local rich- 
ness significantly lower. Distance from putative 
refugia has little effect on local richness within 
the limits of our study area. This contrast in 
pattern between regional and local richness 
might indicate that local, biotic interactions 
are limiting local richness independently of 
the regional pool (Srivastava, 1999). However, 
Hillebrand (2005) has warned against any sim- 
plistic interpretation of such relationships, and 
since snail faunas often include many restricted 
endemics and snails have poor powers of ac- 
tive dispersal, the concept of a regional fauna 
in this context is hard to define: what is actually 
available at site x? Evidence for interspecific 
competition in land snails is sparse and mainly 
confined to examples of closely related or 
similar-sized species, usually in rather stressed 
environments with limited faunas (Solem, 1984; 
Baur & Baur, 1990; Cameron et al., 2003). The 
classic scepticism of Boycott (1934) about the 
role of competition in structuring snail faunas 
has not been refuted. Nevertheless, our study 
emphasises the relative invariance of site spe- 
cies richness in forest snail faunas across many 
climatic and biogeographic regions (Stanisic et 
al., 2007), in contrast to many other organisms 
(Ricklefs, 2004). 

In contrast, regional richness and composi- 
tion are clearly related to geographical position. 
There is a coherent pattern of differentiation 
along the Sudetes-Carpathian chain. Inevitably, 
more unique species are found at either end 
of this transect than at the centre; the Sudetes 
support species with Alpine affinities, whereas 
Ukraine has species of Balkan affinities. Ukrai- 
nian faunas are the most distinct, and come 
from the only region in our study to lie south 
of the mountain chain crest. Given the strong 
showing of purely geographical factors in the 
partition of variance, this pattern appears to 
be a product of distances from diverse refugia 
to the south, east and west. Hausdorf & Hen- 
nig (2003) detected foci of nestedness in the 
eastern Alps and in the Carpathians. There 
are, however, numerous forest species that 
are spread across the ranges (and into the 


lowlands). The evidence that forests persisted 
throughout the last glaciation in areas just south 
of our study area has become overwhelming 
(Willis et al., 2000; Willis & Van Andel, 2004; 
Birks & Willis, 2008). Both palaeobotanical 
and palaeomalacological data show that even 
at the glacial maximum there was a zone of 
forests consisting of larch, pine, and spruce in 
the Carpathians (Jankovská & Pokorny, 2008; 
Kunes et al., 2008). Lozek (2006) confirmed 
that between the loess steppe belt at the foot 
of the south side of the Carpathians and the 
zone of alpine grasslands a zone of montane 
to subalpine woodlands at 600-1,600 m a.s.l. 
persisted during the glacial period. He found in 
the sediments of this zone a mixture of glacial 
open-country elements and several woodland 
species that are considered characteristic of 
warm interglacial periods. Sümegi & Krolopp 
(2002) similarly reported the occurrence in the 
Carpathian basin of species now found in some 
of our sites. In Bohemia, however, the region 
immediately south of the Sudetes, there is no 
evidence of the survival of such forests or the 
snail faunas that accompanied them (Ložek, 
2006). Although the many studies within our 
area reveal only open-country faunas north 
of the Carpathian watershed before approxi- 
mately 11,000 BP (Alexandrowicz, 2004), it is 
evident that dispersal into developing Holocene 
forests could involve shorter distances, over a 
wider front, than previously thought. 

In contrast, lowland faunas are less differ- 
entiated, and contain a higher proportion of 
widespread species, many ranging across the 
whole Northern European Plain (Pokryszko & 
Cameron, 2005; Horsák et al., in press). That 
they form subsets of those in the highlands 
conforms to the findings of Hausdorf & Hen- 
nig (2003). The novel feature here, however, 
is the stronger relationship to the fauna of the 
Sudetes than to those of regions further east, 
to the extent that measures of differentiation 
among faunas show little relationship to dis- 
tance. Many species found in the Carpathians 
have failed to move north, despite apparently 
suitable habitats. Mountains in the Sudetes, 
and in the neighbouring western Beskids, are 
generally lower than those further east, perhaps 
offering fewer barriers to the dispersal of (gen- 
erally low altitude) forest species. What is clear, 
however, is that Holocene dispersal across 
the Polish lowlands has not been uniform in 
speed or direction. A western bias in source 
of colonisation has also been reported for 
early-colonising trees (Kullman, 2002). Within 
the highlands, species with limited ranges 
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contribute to a rapid rate of turnover. Hausdorf 
& Hennig (2004) found little evidence for vicari- 
ance in the Northern European snail fauna, but 
evidence from elsewhere (Weir, 2006) suggests 
that highland faunas may differentiate by isola- 
tion caused by climatic change more readily 
than those in lowlands. 

These findings, coupled with the evidence 
that small species have dispersed more rap- 
idly than large ones, raise questions about the 
role and mechanics of dispersal in shaping the 
present faunas. This wider distribution of small 
species can be further linked with their ability 
to survive under cold conditions. We see no 
differences between the small number of large 
species that have spread over most of the area, 
and those that remain confined to highlands 
close to earlier refuges. Within the lowland 
and upland faunas, there are cases of disjunct 
distributions, sometimes involving gaps of 200 
km or more (Wiktor, 2004). Thus Chilostoma 
faustinum, found along the mountain chain, 
is found in the lowlands in Roztocze, which is 
nearby, and also in Romincka (Marzec, 2005), 
which is the most distant region, but not in 
Bialowieza, which lies in between. Vestia elata 
and Balea fallax, both generally restricted Car- 
pathian species, are known from single sites 
in the Holy Cross and Roztocze respectively. 
Ena montana, not found in any of our lowland 
regions, is recorded even further north in Latvia 
and Lithuania (Skujiené, 2002). 

We can identify possible mechanisms to ac- 
count for some of these patterns. The central 
belt of Poland is more fertile than the far north, 
and far more intensively cultivated. Thus, dis- 
junct distributions can result from destruction of 
populations in the middle of ranges (Cameron & 
Pokryszko, 2006). Humans can act as long-dis- 
tance dispersal agents; this is well documented 
for a few species (e.g., Ozgo, 2005), but is 
probably not a significant feature for forest 
faunas. Climate was neither stable nor continu- 
ously warming through the Holocene (Walker, 
1995), and expansions and contractions of 
ranges in response can leave isolated relicts 
in favoured locations. In this context, the occur- 
rence of Semilimax kotulae and Vestia elata in 
the Holy Cross region, and of many highland 
species at Ojców is significant. While we can- 
not dismiss the possibility that these processes 
account for such discontinuous distributions, 
there is a further mechanism, the long-distance 
dispersal of propagules, which could produce 
similar patterns (Ibrahim et al., 1996; Hewitt 
& Ibrahim, 2001). Certainly, there are cases 
in which isolated occurrences of some large 


species (e.g., Ena montana mentioned above) 
do not relate only to a demonstrable refuge. 
We cannot assume a stable balance; sites in 
parts of the previously glaciated or periglacial 
areas north of the European mountain ranges 
may be "full', but others may still be open to 
colonisation, a process now hindered by human 
intervention (Giesecke et al., 2007; Svenning 
et al., 2008). 

As Nekola & White (1999) demonstrated, anal- 
yses of distance decay require consideration of 
differences in dispersal ability and environmen- 
tal tolerance. The mechanisms of dispersal and 
the constraints on successful establishment in 
land snails remain to be determined. 
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APPENDIX 1 
Environmental and locality data 


TABLE 1. Descriptive statistics for explanatory variables used in the analyses. Wet indicator combina- 
tion: wet, alder/willow, wet indicating herbs. Rich indicator combination: rock, limestone, mixed decidu- 
ous wood, ash, dog's mercury, rich indicating herbs, timber. Poor indicator combination: conifers, acid 


indicating herbs, bare ground. 


Mini- 


Environment 


Rock 0.0 
Limestone 0.0 
Slope 0.0 
Wet 0.0 
Disturbance 0.0 
Conifers 0.0 


Lower 
mum  quartile 


Upper 
Mean Median quartile Maximum 
0.0 0.6 0.0 1.0 2.0 
0.0 0.4 0.0 OO . 2.0 
0.0 1.0 qua 2.0 2.0 
0.0 0.6 0.0 1.0 2.0 
0.0 0.3 0.0 0.0 2.0 
0.0 0.5 0.0 1.9 2.0 


(continues) 
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(continued) 
Mini- Lower Upper 
mum quartile Mean Median quartile Maximum 
Beech 0.0 0.0 0.8 1.0 20 2.0 
Mixed deciduous wood 0.0 1.0 1.3 1.0 2.0 2.0 
Alder/willow 0.0 0.0 0.6 0.0 dE 2.0 
Ash 0.0 0.0 ÉS 0.0 1.0 2.0 
Wet indicating herbs 0.0 0.0 0,4 0.0 1.0 2.0 
Dog's mercury 0.0 0.0 Oy 1.0 1.0 2.0 
Rich indicating herbs 0.0 0.0 0.9 140 1.0 2.0 
Acid indicating herbs 0.0 0.0 0:3 0.0 O 2.0 
Altitude 80.0 1750 341.6 290.0 470.0 780.0 
Wet indicator combination 0.0 0.0 1:5 10 240 6.0 
Rich indicator combination 140 3.0 5.4 5.0 7.0 1910 
Poor indicator combination 0.0 170 ET 2.0 2.0 310 
Climate 
Mean Annual Temp. (*C) 4.3 6.1 6.6 OY (i 8.0 
Mean Max. Temp. Warmest Month Taf 218 21.9 22.1 22.8 23.9 
Mean Min. Temp. Coldest Month -9.9 -8.6 -7.9 -8.0 -7.5 -5.4 
Annual Precipitation (mm) 915.0 583.0 674.0 659.0 765.0 854.0 
Coefficient of variation, seasonal 30.0 33.0 37.4 97.0 41.0 49.0 
precipitation 
Space 
Latitude 47.9 49.5 50.9 50/5 527 54.3 
Longitude 15.9 18.4 20.8 21.8 2210 24.1 
Nominal Environmental 
Stream 0.0 0.0 0.6 To 1.0 1.0 
Timber 0.0 0.0 0.3 0.0 1.0 1.0 
Bare 0.0 0.0 0.3 0.0 1.0 1.0 
=. 


TABLE 2. PCA of all explanatory variables in the 161 forests sites. In total, 35 geographical, climatic and 
environmental variables were used and they were subjected to principal components analysis (PCA) 
of the correlation matrix (centred and standardised) to show the main gradients of their variation and 
the relationships among individual variables. Eigenvalues of axes (in parentheses), Spearman correla- 
tions of continuous and ordinal variables with the first four PCA axes (ra) and their significances (P) are 
shown. Significant correlations after Bonferroni correction are in bold (the cut level was P = 0.0016). 
Mann-Whitney U test was used for testing relationships between nominal variables and sites scores 
on the PCA axes. Significant relationships (P = 0.05) are in bold. 
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Continuous and ordinal 


Environment 
Rock 
Limestone 
Slope 
Wet 
Disturbance 
Conifers 
Beech 
Mixed deciduous wood 
Alder/willow 
Ash 
Wet indicating herbs 
Dog's mercury 
Rich indicating herbs 
Acid indicating herbs 
Altitude 
Wet indicator combination 
Rich indicator combination 
Poor indicator combination 


Climate 
Mean Annual Temp. (*C) 
Mean Max. Temp. Warmest Month 
Mean Min. Temp. Coldest Month 
Annual Precipitation (mm) 
Coefficient of variation, seasonal 
precipitation 
Space 
Latitude 
Longitude 
Lat.*Long. 
Lat.*Lat. 
Long.*Long. 
Lat.*Lat.*Long. 
Lat.*Long.*Long. 
Lat.*Lat.*Lat 
Long.*Long.*Long. 
Nominal (P values) 
Environment 
Stream 


Timber 
Bare 


PCA1 


(0.257) 


ls 


-0.80 
-0.53 
-0.63 
0.60 
0.03 
0.51 
-0.44 
-0.12 
0.49 
0.15 
0.39 
-0.47 
-0.34 
0.23 
-0.55 
0.57 
-0.60 
-0.01 


-0.07 

0.27 
-0.18 
-0.40 


-0.63 


0.38 
0.71 
0.83 
0.38 
0.71 
0.88 
0.79 
0.38 
0.71 


PCA1 


0.355 
0.330 
0.027 


«0.001 
«0.001 
«0.001 
«0.001 
«0.001 
«0.001 
«0.001 
«0.001 
«0.001 


PCA2 


0.590 
0.035 
«0.001 


PCA2 


(0.186) 


E 


-0.18 
-0.20 
-0.42 
0518 
-0.07 
0.13 
-0.56 
0.54 
0.26 
0.16 
-0.16 
0.49 
0.36 
-0.11 
-0.64 
0.17 
0.38 
-0.47 


0.01 
-0.20 
0.70 
-0.67 


-0.09 


0.81 
-0.48 
-0.31 

0.81 
-0.48 
-0.15 
-0.36 

0.81 
-0.48 


PCA3 


<0.001 
0.078 
0.288 


<0.001 
<0.001 
<0.001 
<0.001 
<0.001 

0.063 
<0.001 
<0.001 
<0.001 


PCA4 


0.735 
0.102 
<0.001 


PCA3 


(0.111) 


Fs 


-0.18 
-0.25 
-0.10 
0.53 
-0.25 
UNOS 
-0.04 
-0.27 
0.49 
0.01 
0.54 
-0.29 
-0.44 
0.06 
0.28 
0.59 
-0.42 
-0.01 


-0.50 
-0.48 
-0.20 

0.26 


0.03 


-0.12 
-0.34 
-0.34 
-0.12 
-0.34 
-0.31 
-0.35 
-0.12 
-0.34 
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PCA4 


(0.086) 


Fs 


-0.10 
-0.24 
-0.05 
-0.22 
-0.14 

0.30 

0.30 
-0.20 
-0.36 
-0.49 
-0.43 
-0.16 
-0.08 

0.42 
-0.01 
-0.36 
-0.25 

0.62 


-0.50 
-0.43 
0.00 
0.02 


-0.28 


0.25 
-0.10 
-0.06 

0.25 
-0.10 

0.01 
-0.08 

0.25 
-0.10 
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CAMERON ET AL. 


APPENDIX 2 


Species/Sites matrix and taxonomic notes 


Nomenclature follows Wiktor (2004), except for asterisked species: Acicula perpusilla (Reinhardt, 
1880), Pyramidula pusilla (Vallot, 1801) Syn: P. rupestris, Sphyradium doliolum (Bruguiére, 1792) Syn: 
Orcula doliolum, Vestia sp.: a Vestia as yet undetermined, but not any of those also recorded in our 
samples; Trochulus (all species), in Wiktor (2004) as Trichia; the latter name has prior use elsewhere. 
The following species were excluded from the analyses (see text): Oxyloma elegans, Succinea sarsi, 
Columella aspera, Truncatellina cylindrica, Vertigo angustior, Chondrina clienta, Oxychilus inopinatus, 
Cepaea vindobonensis, Helix lutescens. 
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Carychium tridentatum 272 


Succinea oblonga 
Succinea putris 
Cochlicopa lubrica 
Cochlicopa lubricella 
Cochlicopa nitens 
*Pyramidula pusilla 
Columella edentula 
Vertigo pusilla 
Vertigo antivertigo 
Vertigo substriata 
Vertigo alpestris 
*Sphyradium doliolum 
Pagodulina pagodula 
Argna bielzi 

Vallonia costata 
Vallonia pulchella 
Acanthinula aculeata 
*Mastus bielzi 

Ena montana 

Ena obscura 
Punctum pygmaeum 
Discus ruderatus 
Discus rotundatus 
Discus perspectivus 
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(continued) 
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Rom Rom Rom Rom Rom Rom Rom Rom Rom Rom Aug 
1 2 9 4 5 6 7 8 9 10 1 


Semilimax kotulae 0 0 0 0 0 0 0 0 0 0 0 
Eucobresia diaphana 0 0 0 0 0 0 0 0 0 0 0 
Eucobresia nivalis 0 0 0 0 0 0 0 0 0 0 0 
Vitrea diaphana 0 0 0 0 0 0 0 0 0 0 0 
Vitrea transsylvanica 0 0 0 0 0 0 0 0 0 0 0 
Vitrea crystallina 28 49 8 4 29 36 0 5 4 9 2 
Vitrea contracta 0 0 0 0 0 0 4 0 0 0 0 
Aegopinella pura "b 386 2 160 33 399 15 14 18 26 8 
Aegopinella minor 27 0 9 0 0 0 11 20 0 0 0 
Aegopinella 0 0 0 0 0 0 0 0 0 0 0 
epipedostoma 
Aegopinella nitidula 0 0 0 0 0 0 0 0 0 0 0 
Nesovitrea hammonis 18 45 1 33 B B 3 5. 156.422 15 
Nesovitrea petronella 24 54 2 20 295 0 0 0 5 19 24 
Oxychilus alliarius 1 0 0 0 0 0 0 0 0 0 1 
Oxychilus cellarius 0 0 0 0 0 0 0 0 0 0 0 
Oxychilus deubeli 0 0 0 0 0 0 0 0 0 0 0 
Oxychilus draparnaudi 0 0 0 0 0 0 0 0 0 0 0 
Oxychilus glaber 0 0 0 0 0 0 0 0 0 0 0 
Oxychilus depressus 0 0 0 0 0 0 0 0 0 0 0 
Daudebardia rufa 0 0 0 0 0 0 0 0 0 0 0 
Daudebardia brevipes 0 0 0 0 0 0 0 0 0 0 0 
Carpathica calophana 0 0 0 0 0 0 0 0 0 0 0 
Zonitoides nitidus 2 0 a 4 "e 3 0 0 0 0 g 
Euconulus fulvus 29 48 S St 6 2 3 10 11 14 26 
Euconulus alderi 0 0 0 0 0 0 0 0 0 0 0 
Cochlodina laminata T "o a MEL 1g © 305 @& oo a 
Cochlodina costata 0 0 0 0 0 0 0 0 0 0 0 
Cochlodina orthostoma 0 0 0 0 39 0 —95 æ 0 O 12 
Ruthenica filograna 0 0 Y D 5 8 3) $ 0 3 8 
Macrogastra ventricosa 22 31 15  "— 125 F 45 ‘124 0 0 6 
Macrogastra latestriata 0 0 4 0 0 0 1 0 0 0 9 
Macrogastra plicatula T" "ol 24 809 «9 71 00 127 09 TE A 
Macrogastra tumida S 20 4 0 0 0 0 0 0 0 0 
Clausilia parvula 0 0 0 0 0 0 0 0 0 0 0 
Clausilia dubia 1 2 0 6 133 2 19 0 T2 “Gs 0 
Clausilia pumila 0 0 0 0 3 0 0 0 0 0 9 
Clausilia cruciata T «B M © Si 10 0 O 54 0 19 
Clausilia bidentata 0 0 0 0 0 0 0 0 0 0 0 
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Laciniaria plicata 
Alinda biplicata 

Balea fallax 

Balea stabilis 

*Vestia sp. 

Vestia gulo 

Vestia turgida 

Vestia elata 

Bulgarica cana 
Bradybaena fruticum 
Perforatella bidentata 
Perforatella dibothrion 
Perforatella incarnata 
Perforatella vicina 
Perforatella umbrosa 
Perforatella rubiginosa 
*Trochulus villosulus 
*Trochulus hispidus 
*Trochulus lubomirskii 
*Trochulus bakowskii 
*Trochulus bielzi 
*Trochulus unidentatus 
Euomphalia strigella 
Helicodonta obvoluta 
Helicigona lapicida 
Arianta arbustorum 
Causa holosericum 
Chilostoma faustinum 
Drobacia banaticum 


Isognomostoma 
isognomostoma 


Cepaea hortensis 
Cepaea nemoralis 
Helix pomatia 
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Roztocze 


Roz Roz Roz Roz Roz Roz Roz Roz Roz Roz Pol Pol Pol 
1 2 3 4 5 6 7 8 9 10 1 2 3 


Acicula parcelineata 0 0 0 0 0 0 0 0 0 0 0 0 
Acicula polita 19 0 35 0 9 5 2 0 O 19 S wd 0 
"Acicula perpusilla 0 0 0 0 0 0 0 0 0 0 0 0 0 
Carychium minimum 0 0 (fF 0 0 0 0 62 2 0 1 95 0 
Carychium tridentatum 113 17 21 33 32 62 76 385 122 130 41 22 65 
Succinea oblonga 0 0 0 0 0 0 1 0 0 0 0 0 99 
Succinea putris 0 0 3 2 0 0 0 0 2 O «20 1 0 
Cochlicopa lubrica 0 0 59 9 0 2 3 9 y 19 2 29 88 
Cochlicopa lubricella 0 0 0 0 0 0 0 0 1 0 0 O 176 
Cochlicopa nitens 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Pyramidula pusilla 0 0 0 0 0 0 0 0 0 iQ 0 0 
Columella edentula 19 1 28 6 0 oF dl 9 9 cm 2 2. "92 
Vertigo pusilla 15 32 W 26 85 127 16 3 31 %0 5 Op 121 
Vertigo antivertigo 0 0 6 0 0 0 0 0 0 0 0 0 0 
Vertigo substriata 0 0 3 0 0 0 2 98 0 2 0 0 3 
Vertigo alpestris 0 25 0 2 0 53 0 56 0 1 0 0 0 
*Sphyradium doliolum 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pagodulina pagodula 0 0 0 0 0 0 0 0 0 0 0 0 0 
Argna bielzi 0 0 0 0 0 0 0 0 0 0 0 0 0 
Vallonia costata 0 O 12 7 0 0 0 0 2 0 0 0 800 
Vallonia pulchella 0 0 0 0 0 0 0 0 0 0 O 19 0 
Acanthinula aculeata To T € O 49 2 4 6 0 B m 3 5 
*Mastus bielzi 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ena montana 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ena obscura 0 0 0 0 0 0 3 0 2 0 0 44 47 
Punctum pygmaeum Jo Ww 3» Ø er 22 315 B 60 4G 1799 Ow" TEE 
Discus ruderatus Ü 6 0 T a n 0 A 6 0 0 2 0 
Discus rotundatus 29 45 O a 27 0 115 Ù% 0 fe 0 0 3 
Discus perspectivus 0 0 0 0 0 j 0 0 0 0 0 0 0 
Vitrina pellucida 0 1 4 20 E We. dES 2 3 me 113 29 Mi 
Semilimax semilimax 0 0 0 0 0 0 0 0 0 0 0 0 0 
Semilimax kotulae 0 0 0 0 0 0 0 0 0 0 0 0 0 
Eucobresia diaphana 0 0 0 0 0 0 0 0 0 0 0 0 0 
Eucobresia nivalis 0 0 0 0 0 0 0 0 0 0 0 0 0 
Vitrea diaphana 0 0 0 0 0 0 0 0 0 0 0 0 0 
Vitrea transsylvanica 0 0 0 0 0 0 0 0 0 0 0 0 0 
Vitrea crystallina 12 2 M 0 0 0 2 0 0 MO WE 0 3 
Vitrea contracta 0 0 0 O 34 0 0 K 2 0 0 0 0 
Aegopinella pura 18 9 56 D 70 8 th 2 4 Gs "M 8 54 
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(continued) 


Roztocze 
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1 2 3 4 5 6 T 8 9 10 1 
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Cochlodina costata 
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Balea stabilis 
*Vestia sp. 
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(continued) 


Roztocze 
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1 2 3 4 5 6 7 8 9 10 1 2 3 
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Bulgarica cana 
Bradybaena fruticum 1 
Perforatella bidentata 
Perforatella dibothrion 
Perforatella incarnata 
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Perforatella umbrosa 
Perforatella rubiginosa 
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*Trochulus lubomirskii 
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Sudetes (a) 


Mus Mus Mus Mus Mys Mys Mys Mys Mys Bar Bar Bar Bar Bar 
1 2 uo aA D - M s S ssi DM w*. 5 


Acicula parcelineata o 0 MIO 0 0 39 WE 0 0 O 0O OQ 
Acicula polita 40 12 we 2 0— 2 oOo yO Y 1 0- Of) 0. 20 
*Acicula perpusilla D 0 uw au c0 0 xw x 39 do O .0 ¿0 P 
Carychium minimum p 0 WM "D xm 2 —0 0 29 0. .0 OO 0 .0 
Carychium tridentatum 145 105186 43 27 97 1 198222 2 1 0 210 706 
Succinea oblonga 0 0 0 0 0 0 0 0 0 0 0 0 3 4 
Succinea putris 0 0 0 0 oo Q9 0 0 Uc 2 0 0 Ü 2 
Cochlicopa lubrica 3 2 Ss G 0 1 O 17 41 0 0 2 S5 136 
Cochlicopa lubricella 0 0 0 0 0 2 0 0 0 0 0 0 0 0 
Cochlicopa nitens 0 0 0 0 0 0 0 0 0 0 0 0 0. 0 
“Pyramidula pusilla D Om D Sos No 0 3 TO OL). De 79 
Columella edentula ie 5e Wy O 2 “Oh ws SO 10.0 7 .0. 3 
Vertigo pusilla 0 © ue 0 12v 4 tf 0 ‘0.307 41 25. 0 
Vertigo antivertigo oo Gu o D se 8 OF} 0 © —2 25.0 D i 
Vertigo substriata _ GE 8 O Wee 00 —0 D 0.0 0. O P 
Vertigo alpestris p M uw 0 uw 10D OF GO 3D  O 10 20. oU 
*Sphyradium doliolum DE cu DE OO 0 2 0.90 39 ^O  0..0. 0. gi 
Pagodulina pagodula M wa © 0 —90. 49 OO 309 0.90 0 Qa 
Argna bielzi Doa D Db MOTOR D O0 O0 O0 MO M 
Vallonia costata 0 0 0 D 0 1 0 0 0 0 0 0 0 0 
Vallonia pulchella 0 O d i9 Gg © 0 0 0 — Ou ci 
Acanthinula aculeata J 3 1 ud 2 Q0 2 16 A "T4 2 0 dL EI 
*Mastus bielzi ~ OQ d ©) 0 OVO Q0 O0 O db 2 MI 
Ena montana 12 6 1 © @ m 2 mae © 048 Oi 0 0 
Ena obscura Bx 20 1 VD 8 O0 00 O 0. 19$ ON M 
Punctum pygmaeum 15 13 O 2 182 101 145 4 5 192 424 142 480 38 
Discus ruderatus 0 0 Or d). Bo 0 0 0 0 0 0 0 0 0 
Discus rotundatus TO do 60 1065 30 12 4 33 f 40 24 98. 19 m6 
Discus perspectivus 50 49 88 27 oe o 0 0 0 0 0 0 0 0 
Vitrina pellucida D. ux & 26 19 $6 25 31 0 d DU 25.4 
Semilimax semilimax 0 0 0 0 D 2 4 2 2 0 0 12 46 29 
Semilimax kotulae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Eucobresia diaphana so ES UU Y» 0 € 7 24 7 TO 70 WE 
Eucobresia nivalis 0 0 0 B 6 0 0 0 0 0 0 0 0 0 
Vitrea diaphana cc r2 uu um i 2. O 2 0 0 do O0 wW 
Vitrea transsylvanica MEN 0 xU x au cw UD wm OU 0 0 O0 JN 
Vitrea crystallina 0 0 0 b O 2 0 0 8 0 0 5 0 3 
Vitrea contracta 0 0 0 D x x 0 0 0 0 0 0 0 0 
Aegopinella pura Xr ol. Zo 65 30 6 21 20 49 25 2 34 107 36 
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Macrogastra plicatula 1 
Macrogastra tumida 
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Clausilia pumila 
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Laciniaria plicata 

Alinda biplicata 6 
Balea fallax 0 0 
Balea stabilis 0 0 0 0 
*Vestia sp. 0 0 
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Sudetes (a) 


Mus Mus Mus Mus Mys Mys Mys Mys Mys Bar Bar Bar Bar Bar 
1 2 n 2 4» 2 5 1 D. wd M S 
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Vestia turgida 

Vestia elata 

Bulgarica cana 
Bradybaena fruticum 
Perforatella bidentata 2 
Perforatella dibothrion 
Perforatella incarnata 
Perforatella vicina 1 
Perforatella umbrosa 
Perforatella rubiginosa 
*Trochulus villosulus 
*Trochulus hispidus 
*Trochulus lubomirskii 
*Trochulus bakowskii 
*Trochulus bielzi 
*Trochulus unidentatus 
Euomphalia strigella 
Helicodonta obvoluta 
Helicigona lapicida 
Arianta arbustorum 
Causa holosericum 
Chilostoma faustinum 
Drobacia banaticum 


Isognomostoma 
isognomostoma 
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(continued) 


Ukraine 


Kuz Kuz Kuz Kuz Kuz Ugo Ugo Ugo Ugo Ugo Ugo Ugo 
1 2 9 4 5 1 2 3 4 S 6 T 


Aegopinella minor 12 11 34 23 14 14 6 0 8 A bi 9 
Aegopinella epipedostoma 8 8 2 4 15 8 5 GO “a 4 8 0 
Aegopinella nitidula 0 0 0 0 0 0 0 0 0 0 0 0 
Nesovitrea hammonis 0 0 0 0 0 0 0 0 0 0 0 0 
Nesovitrea petronella 0 0 0 0 0 0 0 0 0 0 0 0 
Oxychilus alliarius 0 0 0 0 0 0 0 0 0 0 0 0 
Oxychilus cellarius 0 0 0 0 0 0 0 0 0 0 0 0 
Oxychilus deubeli 18 7 9 3 14 19 0 9 4 4 6 4 
Oxychilus draparnaudi 0 0 0 0 0 0 0 0 0 0 0 0 
Oxychilus glaber 0 0 0 0 0 0 0 0 0 0 0 0 
Oxychilus depressus 2 3 1 1 5 Qr 46 0 4 1 9 0 
Daudebardia rufa 0 0 0 0 0 0 0 0 0 0 0 0 
Daudebardia brevipes 2 6 6 5 5 0 1 1 2 0 3 1 
Carpathica calophana 0 0 0 0 0 0 0 0 0 0 0 0 
Zonitoides nitidus 0 0 0 0 0 0 0 0 0 0 0 0 
Euconulus fulvus 0 $ 0 0 1 2 1 1 0 4 2 0 
Euconulus alderi 0 0 0 0 0 0 0 0 0 0 0 0 
Cochlodina laminata 0 0 1 0 0 0 3 0 3 0 9 3 
Cochlodina costata 0 0 0 0 0 0 0 0 0 0 0 0 
Cochlodina orthostoma 0 3 1 4 2 8 3 5 o 18 9 2 
Ruthenica filograna 0- 10 a 24 2 0 0 0 p] 0 1 
Macrogastra ventricosa 0 0 0 0 0 0 0 0 0 0 0 0 
Macrogastra latestriata 1 1 0 0 0 6 39 4 30 3 9 0 
Macrogastra plicatula 0 0 0 0 0 0 0 0 0 0 0 0 
Macrogastra tumida 0 0 0 0 0 0 0 0 0 0 0 0 
Clausilia parvula 0 0 0 0 0 0 0 0 0 0 0 0 
Clausilia dubia 0 0 0 0 0 0 0 0 0 0 0 0 
Clausilia pumila 0 0 0 0 0 0 0 0 0 0 0 0 
Clausilia cruciata 0 0 0 0 0 0 0 0 0 0 0 0 
Clausilia bidentata 0 0 0 0 0 0 0 0 0 0 0 0 
Laciniaria plicata 0 0 0 0 0 0 0 0 0 0 0 0 
Alinda biplicata 0 0 0 0 0 0 0 0 0 0 0 0 
Balea fallax 14 0 3 4 2 " 0 3 W I We 0 
Balea stabilis 0 0 0 0 0 0 6 6 0 0 0 8 
*Vestia sp. 25 3 14 e T9 19 0 5 or 2 8 6 
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Perforatella rubiginosa 
*Trochulus villosulus 
*Trochulus hispidus 
*Trochulus lubomirskii 
*Trochulus bakowskii 
*Trochulus bielzi 

*Trochulus unidentatus 
Euomphalia strigella 
Helicodonta obvoluta 
Helicigona lapicida 

Arianta arbustorum 

Causa holosericum 
Chilostoma faustinum 
Drobacia banaticum 


Isognomostoma 
isognomostoma 


Cepaea hortensis 
Cepaea nemoralis 0 
Helix pomatia 1 4 
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S.E. Poland (a) 


Bie Bie Bie Bie Bie Bie Bie Bie Bie San San San San San San San 
T- we 3 Ga "d M @o Ga er 23 4 5 6 7 


Acicula parcelineata Dx Tear so OP etme O 90 fF + 31 4 
Acicula polita o TO So) Z0 SDN UN 10 O0 3 YU d 1 $1 
"Acicula perpusilla 0 um uU O0 wo Nw oO Or 0 0 0 0 0 29 
Carychium minimum 0 S uS soo x0 a» © 0 6 0 0 0 2:00 
Carychium tridentatum 19. 162020 We 322609 5 55 G8 33 17 8 3 41 12 61 
Succinea oblonga O 0 Wd S5 INEO No 725 © 0 5 0.40 15 O 16 
Succinea putris OF UNES do O00 0 EL 300 0 5 2 TM 0 0. 0 
Cochlicopa lubrica GARO HS XE 0 0-20 MW S 30 0 0 0 05 0. 50 
Cochlicopa lubricella o 00 MEO Oy) ¿0 9000 0 3 i0 I OQ. 30 
Cochlicopa nitens o MOLD Or “OSO” d» X0. EO. O 0 d (0.0.0 
*Pyramidula pusilla DEUM NO MED SD fo X —0. 49 0 20. 0. 0. 20 
Columella edentula ily 7 Ge go Erde d 5 0.0.2.0 4 
Vertigo pusilla oco 30 Sete NP uw 2 2 0 0 39$. 1 2 WE 
Vertigo antivertigo UOC" Nu Cer 0 YO 39 «0 20 0 0 D 0 (9 20 
Vertigo substriata DIS —, 3 OF 3 sO ee 0 29 0 GO FOP 1 220 
Vertigo alpestris oO 29 X OIT N0 .0. S2 C0..0 701.9 40" NEU 
*Sphyradium doliolum mort S 090 30 0 UD. 0 0 O 0. 5 0 
Pagodulina pagodula 0" M0 x9 GC CONO 30 D 19 X0 0 0. 49 0 — LAS 
Argna bielzi UNO so GF 00 30 YU 0 0 Cw o 0 Mi 
Vallonia costata C00 0 HE 0—0 0 20 d D 0 00. Us 
Vallonia pulchella 0 E0 QU “DE O20 80 0 OUR 0 X) 70 AO 
Acanthinula aculeata 3 2 0 12 4 19 5 20 10 1o 8 4 17 6 5 3 
*Mastus bielzi oO. 0 2 O0 Dee 0 20 0 DW co 
Ena montana Ü 1 29 2 1292 2 94 8 40 0 10 20 SAT M 
Ena obscura 0 x0 TO 50 20 30 39 DO 2? 0. S MUNI 
Punctum pygmaeum 186 46 85 16 165262 19 48 85 46 27 23 51 6 42 45 
Discus ruderatus o =0 0 230 0 0 0 0.0 0.0 0 d m UMS 
Discus rotundatus d 0 o 0L 0.0 0 0 00 0 0 jd 05 dM, 
Discus perspectivus BE 00217 $9 13770 39 53 29 14 80 3 dig 35.32 us 
Vitrina pellucida m Ou» D 7 4 10124 1.0.0 0 0 ss i 
Semilimax semilimax s MAS Tq 12 1 aA 7 4 0.0 2 2 Be 
Semilimax kotulae ar seo DL M0 ux» i10 2 0 a0 & Ub S 49 
Eucobresia diaphana NE uu 20.20. 0 40 Ox DD O 0 oO U Qe O M4 
Eucobresia nivalis EL; 9 MES 5 d 3 9 3: 9 O0 3 0 05040 
Vitrea diaphana i 0 2 45 52 16 2 BS 77 3 17 11 32 5 P9 
Vitrea transsylvanica > wu 72295 i 1 O 5 9 O0. & CO 
Vitrea crystallina O GEL XO Chee X9 7 310 0 050 400 
Vitrea contracta m c vo Fo tt 20 8 0-0 0 40 
Aegopinella pura Zo A 2 dq xe 2] 522353 2355 11 19 5 3 10 17 
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(continued) 


S.E. Poland (a) 


Bie Bie Bie Bie Bie Bie Bie Bie Bie San San San San San San San 
1 2 3 4 5 @ S32 Jj 29 17 2.3 4% 5 1D 7 


Aegopinella minor 0 0 0 0.0 0 0 © 0 19 2 23 20 12:32 aM 
Aegopinella epipedostoma 4 8 4 16 41 22 32 56 15 4 3 3 3 4 12 34 
Aegopinella nitidula 0 © UW 230 De .0 -0 9 40 0 DW NEL sa 
Nesovitrea hammonis 0 30 0 30 9 ND DD OD 0 30 2 ib i odo 
Nesovitrea petronella O0 XD 3D 0 © 30 —0 39 30 35 0 945 19. 10 ab 
Oxychilus alliarius 0 0 30 30 0 0 0 4» —0 90 0 Dw JL de 
Oxychilus cellarius “00 30 40 O OD 0 00 0 0 "ea fF d 
Oxychilus deubeli o 0 S 4S9 122 19 5 2 0 10 2 Y 4b BENE 
Oxychilus draparnaudi 0. 0. 0 40 20 (10 30 OD D 30 © (0 Rte US 
Oxychilus glaber Ü FO 30 $4 30 0 30 25 4? NX ZW 
Oxychilus depressus 0 22 30 2 4D ZZ X0 0 30 0 Oa a> © 20 
Daudebardia rufa oo ND 0 82D NO SO 07 0 UV GTO 0 M UP 
Daudebardia brevipes 0 3x9 $ 19 30 N06 MO 1d D O9 d Yd Z0 UO T TAH 
Carpathica calophana 2 UD De X9 2 0 M 9S 70 49 346 19 0 NN 
Zonitoides nitidus 0 30 wq 3) NO 30 o0 O0 go 0 3 $9 uU 9 OM 
Euconulus fulvus 9 4b 49 212 99 6 Ww» 33 0 0 9 $9 UU XU Ip 
Euconulus alderi D go i0 0 3D O 315 030 ED tt he q 
Cochlodina laminata 0 10 MD ND WD DD (D D he $ 1d Ch S 
Cochlodina costata 0 3 IDO.» 0 X 0 0 d$ 0 man P 
Cochlodina orthostoma D a wu "EP P Wd m 9 9 I HL XE 
Ruthenica filograna 0 39 49 12 $ Ome 90 do 0 Ret D» WE 9 9 
Macrogastra ventricosa 0 Oo "UM OD 0D 4 dB «0 dX (9 Ot MY 
Macrogastra latestriata (19 49 Ap 10 7 35 2 0% 0 0 O0 15 € ee 
Macrogastra plicatula > 39 a5 39 30 Y TO 03D 30 00 0 tt wee eS 
Macrogastra tumida 6 4 72 37 "4 22 4 51 7 73 36 65 46 23 59 0 
Clausilia parvula 0 350 390-wD. 30 30 DM 0 opp 0 0 MP EM DU 
Clausilia dubia og na DO MOD oe OD 8 O0 d moss 
Clausilia pumila 0 s0- 230 49 qw» 35D «0 0% 0D O Ws i0 Me 
Clausilia cruciata Ü WEST wb 07 2 +*+ 0 0 O0 "Ou WM ye 
Clausilia bidentata U “WERO "9" YO 3x» DD 39 MD 9 "0 Dom 
Laciniaria plicata ym TD De owe D vU 2 d w» F "ww Tag 
Alinda biplicata Ten uw mw Ow b&b UO DP 0 re. mp 
Balea fallax rt toe o v2 D OG UO (m "D AP n 
Balea stabilis D XL @ ID de os 04 D T 2v DT ca 
*Vestia sp. 0 X» a0 3L 30 & "CO (89 "UO 9 ^C "p Y "0 AD NE 
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S.E. Poland (a) 


Bie Bie Bie Bie Bie Bie Bie Bie Bie San San San San San San San 


1 


-à 


Vestia gulo 

Vestia turgida 

Vestia elata 

Bulgarica cana 
Bradybaena fruticum 
Perforatella bidentata 
Perforatella dibothrion 
Perforatella incarnata 
Perforatella vicina 
Perforatella umbrosa 
Perforatella rubiginosa 
*Trochulus villosulus 
*Trochulus hispidus 
*Trochulus lubomirskii 
*Trochulus bakowskii 
*Trochulus bielzi 
*Trochulus unidentatus 
Euomphalia strigella 
Helicodonta obvoluta 
Helicigona lapicida 
Arianta arbustorum 
Causa holosericum 
Chilostoma faustinum 
Drobacia banaticum 


Isognomostoma 
isognomostoma 


Cepaea hortensis 0 
Cepaea nemoralis 0 
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S.E. Poland (b) 


Prz Prz Prz Prz Prz Prz Ust Kom Kom Kom Rym Rym Rym Gor Gor Gor 
12 4 åE S dS. 1 9 1 12. 9. A. 9. 29 


Acicula parcelineata 0.70. 20-—0 —91 30227 1 1 O OM O 1 E 
Acicula polita 0 30 0 400 21 9 2 0 «D 48 .O XU au NE Bodo 
"Acicula perpusilla 0 *"0 07 "0 @ 0 Do EAD DL. (9. f ub 
Carychium minimum D 5 0 5 0 25 25 D Ug’ 6 190. 19 0. 200 200 
Carychium tridentatum 23 419 301 28 104 «46 59 «7 118 215 56 54 7 0 0-0 
Succinea oblonga 0 3D "1 20 % qa TO AA 410 2 12 a ede x5 
Succinea putris 0 0 2 0 G O 810 2 25 3 2 4 AMES 
Cochlicopa lubrica D 22 “2.40 Ou QA Bal 179 AA AE 
Cochlicopa lubricella DD 0.0 D 0 —0..0 39 © 0 DIA 
Cochlicopa nitens D. 0 Gao eed D a0 ge 20 0 m LOO MU 
*Pyramidula pusilla O 10 0.40 3D a0 O0 «D 20 0 @ 0 OA 
Columella edentula 20 *6 60 2 dj b Y w/ 17 3$ Bb d 
Vertigo pusilla IST 1.30 3. 3 2 " Wis 7 5 Awe IA 
Vertigo antivertigo D XD 20.40 «Ue 0 20..0 9.0 1 40. 195 0 AOS 
Vertigo substriata D. 0 0.30 a0 0 @ 0 © 18 0 aD wm 0) wb 
Vertigo alpestris B. 0 O «0 «9 © 9 0 DD 0 OO Ou DADAS 
*Sphyradium doliolum O 0° 0 $ @aD Oo 50 40 @ 0 idw AS 
Pagodulina pagodula 0 30 40 0 0 0 0 «0 S0 0 00 qe uU uw 
Argna bielzi o 40 —0 © 0 40 @ «0 a0 0 © a0 0p 0 a 
Vallonia costata D 49 40 39 & 40 Web 1 ° 0 2 Q 90^ wn OMM 
Vallonia pulchella B. 040 —0 0 40 0 49 0 aD Toa O0 ADA 
Acanthinula aculeata 1 42 dd —0 1832 Y 15 18 95 9 21 eS 2 WR D 
*Mastus bielzi Oe 40.— O00 «0 0 —0 439 —0 S0 O 2 M) ow a 
Ena montana o 040 0 0 © 29 10 «5 030 139 MU PA 19 
Ena obscura OB 1 92 0 « 0 2^ Q I NES JI WU X 
Punctum pygmaeum 8 e e Ow 5559 806 4d 22 141 2^ als 
Discus ruderatus 0 Oo 30. Ooh 4D «D 2 DO -9 (0 1 XO. NUN E 
Discus rotundatus oc “ERA JD D Dawe A & & 1 100 E 
Discus perspectivus S 4092 Gel 122 1| SE 4 39 we NG 71 9 xw 0 
Vitrina pellucida a 7 — D 142 2 21 Y MTM WE se 
Semilimax semilimax |] 00 im» 41 3 % 5 uw 0 uà ue 0 M 
Semilimax kotulae Ü De 39 Ww» owe Owe te 0 OS uu UM 3 
Eucobresia diaphana oa de 467 woe 8 0 8 0 Q'* BL NOD NE 
Eucobresia nivalis a 30 090 X0 D 20 0 VW 0 0 1 æ j EI M 
Vitrea diaphana 2 0 E 7 Hees 0 d 0 aw X eae 3 
Vitrea transsylvanica 0 x 5 9 0 0 2 > 2 FW MN 
Vitrea crystallina rt E M M M 2 2 OC 1 . 
Vitrea contracta S m uw m5 x D s» 00 «q gw 0 I 10 Tan 
Aegopinella pura TF y 3 I T Ue 2 TS TS 61 Ge We EL 
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(continued) 


S.E. Poland (b) 


Prz Prz Prz Prz Prz Prz Ust Kom Kom Kom Rym Rym Rym Gor Gor Gor 
UI E X NE NEL S 1 2—3 1d 2 3 


Aegopinella minor Oo 9 4 X | 9 € 0 17 16 11 7 6-8 
Aegopinella epipedostoma 6 010 027 8 2 4 3 017 4 3 0 3 0 
Aegopinella nitidula 0 xD 0D D wu» 0 AO 8 D YU Oh ew 
Nesovitrea hammonis oD De uw» 10 Mb 99 ND 25 0 —0' vm 26» Oe 2 
Nesovitrea petronella D wo To Bo 70 m$ D 39 9 0 0 0% mM «es 
Oxychilus alliarius B X0 XO NEP 39 —D ww 0 gO 30 Q - 100») WU 
Oxychilus cellarius 2 E) (ae 0 OC 0 439 320 ME 0 O "9 pee 
Oxychilus deubeli Za —D ao wo d) 5 02 WwH $5 0 5 Heese 176 
Oxychilus draparnaudi 0 0 MO NS XU o» Be x9» EÜ © 0 000-0440 0 
Oxychilus glaber 0 M0 2 aD uo T FO BO Fl 2 9 top -2 
Oxychilus depressus D uo ue 0 mU E NO NOU MO WO .$ 0 SOP OF «99 
Daudebardia rufa 0 x» uU NU X A MIGO OQ O "— wb 
Daudebardia brevipes 5a) wb) X Y OO X —0 9 T0 0 "QOO DAN 
Carpathica calophana D ub a9 x» WO 0 0 HR 0 0 0 “0 "0 "D COM 
Zonitoides nitidus D Tt eo x» 0 Tg c5 0 ZO 20 S6 2 I) (0 
Euconulus fulvus i =o 0 uS © 8 0 WO 10 £0 5 Be ww "OMM 
Euconulus alderi D uo 0 0 S0 30 01 ww GT .0 oomo 
Cochlodina laminata D WS EJ 9 52 SS 0 190 513% O T 
Cochlodina costata eee De 0 1040 © BW OQ 0 "o 
Cochlodina orthostoma D i» 4 07D NO 072 0D 3 4D 
Ruthenica filograna D 0 se ua» DO" 30 0 4 MAD MUA 
Macrogastra ventricosa 1390 “SD ab 10 0 0 0 20 0 0 0 DOr WA 
Macrogastra latestriata Ü Te "bh @ 6 E 0 Y 9 0 12 10 SU 
Macrogastra plicatula o DTO 259 2) O 20 40 9 MU MO 139 30 C0 wOP WP 
Macrogastra tumida 55 Go WE 29 Y 29 21 51 "0 2 40 12 5 3^0 2 
Clausilia parvula B NU 20 EM Oe MED "D cO .0 JO 0 "rr XS 
Clausilia dubia 0 uu) wu» X =) 70 ND o KO 0 O0 wD ee 
Clausilia pumila 0 ME X we NS a9 "Oo 30 FO 09 0 0 30" ^O aw» 
Clausilia cruciata IDO: uS oO MP» YE. o X0 70 0 0 40 ^O" 1D" 3D 
Clausilia bidentata ENS Ox uw 2g "59 (Q OQ 07 0 o "9" 39 
Laciniaria plicata Of? A uo 9 0 X HO 018 7 0 0 O 9 
Alinda biplicata iat! X0 20 O © 0 0 0 UO UU O0 3 
Balea fallax 95 o 9 49 xb 29 M0 OQ 0 0 O O 0 OQ 
Balea stabilis E ax 35 wwe do 4 20 6 0 0 0 Q0 10 7 0 
"Vestia sp. nox B5 um "o0 M 06 D OQ "0^0 0 Q "9 
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(continued) 


Ig QRO —— — E EE AA 
S.E. Poland (b) 


Prz Prz Prz Prz Prz Prz Ust Kom Kom Kom Rym Rym Rym Gor Gor Gor 


1. ee A. OE 1.2 2. — 3 1 NS LM 22.20 
— o A A A Om e S — S— eee 


Vestia gulo 12 Bb 12 “G 25 25 10 197381 12 66 17 1 8 WP 2 
Vestia turgida 0 O0 @ 9560 0 0 0 0 0 04 6 dw "5 p 
Vestia elata 0 G OO} 0 0 0 00 O 39 79 X NEP. D 
Bulgarica cana T 1i 39 3 O 19 425818 5 10 wma "y — wu 
Bradybaena fruticum 0 O 70 7S 9717 55 —7 —Q 1940 49 wo "E TF A 
Perforatella bidentata 0  Q 025 0% 0 0 0 0S 2 we» ok 
Perforatella dibothrion 19 30 20 46 0 12 8 39 56 88 5 830 "7 6 Y 
Perforatella incarnata Y uU 0 U Or 0140070 0 0 UN «m o 2 
Perforatella vicina 13 22 19429 5 16 3 6 19-45 13 21 381 "os + 
Perforatella umbrosa U uw R22 21 0 0-0 0 0 0 gU GP Dd 
Perforatella rubiginosa au O 9 O. Q D 2 0 0 0% de" o Uds 
*Trochulus villosulus o q 2 @ 37 0.0 0 0 0 0 WM wm aps 
*Trochulus hispidus Q0 o Or OG 0:10. © 0 00 O Q3) 
*Trochulus lubomirskii 3 O Q O0 0.51 0 0.6% "0o 4d wem 
*Trochulus bakowskii 0 4 © O Q 0 0 O-O "9 o wo 
*Trochulus bielzi 0 O 5 2 1023298 5944- 00 0 49 0 Gat € 
*Trochulus unidentatus 0 8 0000.00 0 0 0 1» qM 
Euomphalia strigella Jo Oe 110 0 0. 0-0 30 0 49» o wo 
Helicodonta obvoluta Or TE O 0 OF "00 0 0-99 0 0 RNA ag 
Helicigona lapicida D 0 ewe Ow 0—9 0 0 Q We www 
Arianta arbustorum 0 @ 05971 016 2 3-0 0 Q9 “oer 
Causa holosericum O 0 OP dX 0400 00 0-9 <0 Q9 "Qo 
Chilostoma faustinum lt 46 20 24399 45 5 244 «5b 7 7 10 "EA 
Drobacia banaticum oe &o GOWO O-—0-—0- "o «p DD MM 
Isognomostoma ME T7999 So) qM 7 429 10 Se S TPAR 
isoghomostoma 
Cepaea hortensis 0 0 0-340 309 0 0 0 0 0 0 wie 
Cepaea nemoralis O 49 OD Dee 0-00 © 0 e Que) 
Helix pomatia 9. 10 EAS 6 9.7 7 0 0 4 2 Garett 
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(continued) 
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1223. uda 75 eO 7 oc 142 3 “e "6. 7 


Aegopinella minor B m 0 o 30 m AM D. 0 0 0-2 JL 0 MP 
Aegopinella epipedostoma 5 5 2 4 9 3 0 11012 9 8 15 2 2 
Aegopinella nitidula ÜU dO 3D 0 30 10 um NU o © 0. O0 3201 M MN 
Nesovitrea hammonis 0 0 0 4 2 0 M wm D OQ O0 OO 
Nesovitrea petronella O 0 D 0 0 0 WwW 0 DD © Hee ONE M 
Oxychilus alliarius D wW 0 go 30 0 (9 80 © 0 OB MU ai 
Oxychilus cellarius 0 £ 0 0 30 0 @ Bw E ISI au 
Oxychilus deubeli o fp 0 3 0 "P 12 iD 38 9 d Wb d d l 
Oxychilus draparnaudi 8 © 0 0 Y 9 9 9 S O0 O0 Od qi 
Oxychilus glaber 2 4 0 O0 UU 5 2 & EP 4 Uña 
Oxychilus depressus eo e UU 2 NS HD D D 0 Coed Miu 4 
Daudebardia rufa ü d 0 34$ 30 DS dd OC oe DAA 
Daudebardia brevipes D 2a «0 O Nx Bate © O0 Du dod? 
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Euconulus fulvus 0 C 4 2 NR x ER 711614 7 ol de 
Euconulus alderi a 0 «0 0 0. Deo 49 0 00 
Cochlodina laminata f EET 0 OO d 3 2 7T 
Cochlodina costata o 0% Q O 0 Y 0 0 O de O&O Bat WU 
Cochlodina orthostoma 0 theo 0 Bw 2 O 2 1 mmm 
Ruthenica filograna O 2 «o wo 1 dq» 9 w 3| 3 O^ uui Bees 
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Macrogastra latestriata 9 © eo 09 9 i) 5.» 9$ oO O ae A Ww 
Macrogastra plicatula E o €" 2 w $ Ww 3$ GS 9 ee e" NE 
Macrogastra tumida Ee qd uw o. w v9» w 1 9 O We u— 
Clausilia parvula 9e © 0 0 0 uw" 0 Ww 0 9*0 eee mw 
Clausilia dubia P © 07 w e «Ww uu 0 o wae Ww E 
Clausilia pumila B Da c5 e cv IM Wi 0 0 0 © w» m A 
Clausilia cruciata E = «9 p d$ ww FS 0 © 0 0 O0 WM E ae 
Clausilia bidentata Ur qe «9 we : oO oO oO Q^ wp WEM =e 
Laciniaria plicata y O Q^» ws dw © Sres d Ba Ww? 99 
Alinda biplicata Wir OO UM T "D "os SO O € 0 Www » 
Balea fallax B^ sp g 3 *w wm D 8 oO Q' EE Ny 
Balea stabilis Y uv va uw WU "Doo DO” IN 
*Vestia sp. 0 s of asm aw D W 0 0 O (0 © 30 Boe 
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Holy Cross Ojców 
Her. Hcr Mer Her mer Her Oje Oje Oje Me” Gic Oje Gic 
1 2 9 4 5 6 1 2 3 4 5 6 7 

Acicula parcelineata 0 0 0 0 0 0 1 9 6 0 2 0 2 
Acicula polita 0 0 0 0 0 0 2 14 2 2 3 4 5 
*Acicula perpusilla 0 0 0 0 0 0 0 0 0 0 0 0 0 
Carychium minimum 0 9 39 0 0 0 0 0 0 0 0 0 0 
Carychium tridentatum 3 4 12 4 7 117 322 724 157 174 464 242 249 
Succinea oblonga 0 0 0 0 1 0 0 0 0 0 0 0 0 
Succinea putris 9 do A 3 3 0 0 0 0 0 0 0 0 
Cochlicopa lubrica 4 12 39 10 4 9 312 d 3 3 2 0 0 
Cochlicopa lubricella 0 0 0 9 0 0 0 0 0 0 0 0 0 
Cochlicopa nitens 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Pyramidula pusilla 0 0 0 0 0 0 O 29 3 49 49 34 66 
Columella edentula 31 4 203 28 95 44 2 18 9 Gus | 2 2 
Vertigo pusilla 6 0 9 4 11 4 65 13 44 27 112 26 54 
Vertigo antivertigo 0 0 0 0 0 0 0 0 0 0 0 0 0 
Vertigo substriata 2 2. 15 0 0 2 0 0 0 0 0 0 0 
Vertigo alpestris 0 0 0 0 0 1 9 2 9 6 2 d 1 
*Sphyradium doliolum 0 0 0 0 0 0 0 2 0 3 9 0 4 
Pagodulina pagodula 0 0 0 0 0 0 0 0 0 0 0 0 0 
Argna bielzi 0 0 0 0 0 0 0 0 0 0 0 0 0 
Vallonia costata 0 0 0 “8 0 0 2 we 4 16 14 43 18 
Vallonia pulchella 0 0 0 0 0 0 0 0 0 0 0 0 0 
Acanthinula aculeata 6 3 0 Ü de 9 2 2 2 2 0 3 7 
*Mastus bielzi 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ena montana 0 0 0 0 0 7 4 0 5 $92 10 dE AE 
Ena obscura 0 0 0 0 0 0 0 0 0 0 0 0 0 
Punctum pygmaeum 1 5 22 140 7 3 112 123 168 143 99 124 195 
Discus ruderatus 4 0 0 0 0 2 0 0 0 0 0 0 0 
Discus rotundatus 4 0 0 0 0 4 * 30 6 4 23 13 8 
Discus perspectivus 0 0 0 0 0 0 0 0 0 0 0 0 0 
Vitrina pellucida 25 4 8 7 54 60 4 3 2 2 3 1 4 
Semilimax semilimax 0 0 0 0 0 0 0 0 0 0 0 0 0 
Semilimax kotulae 4 0 0 0 0 3 0 0 0 0 0 0 0 
Eucobresia diaphana 0 0 0 0 0 0 0 0 0 0 0 0 0 
Eucobresia nivalis 0 0 0 0 0 0 0 0 0 0 0 0 0 
Vitrea diaphana 0 0 0 0 0 D x 5 716 8 5 6 8 
Vitrea transsylvanica 0 0 0 0 0 0 0 0 0 0 0 0 0 
Vitrea crystallina S WE 0 0 or 12 E +16 '[" 3 dq T WP 
Vitrea contracta 0 0 0 0 0 0 0 4 7 9 4 2 4 
Aegopinella pura 9 12 0 a 25 7:1 So 04 2M f 2 WM E 
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(continued) 


Holy Cross Ojców 


Mcr" Her Ser Hen Aer der ME Me Oc .Ojc Ojc Ojc Ojo 
1 2 $) 4 5 6 1 P 3 4 5 6 7 


Aegopinella minor 0 0 0 4 14 3 3 4 4 4 3 2 6 
Aegopinella epipedostoma 0 0 0 0 0 0 0 0 0 0 0 0 0 
Aegopinella nitidula 0 0 0 0 0 0 4 9 2 0 1 0 3 
Nesovitrea hammonis 45 36 54 14 17 14 1 0 1 0 0 0 0 
Nesovitrea petronella m 89 0 0 0 0 0 0 0 0 0 0 0 
Oxychilus alliarius 0 0 0 0 0 0 0 0 0 0 0 0 0 
Oxychilus cellarius 0 1 0 0 UE 0 0 0 0 0 0 0 
Oxychilus deubeli 0 0 0 0 0 0 0 0 0 0 0 0 0 
Oxychilus draparnaudi 0 0 0 0 0 0 0 0 0 0 0 0 0 
Oxychilus glaber 0 0 0 0 0 0 0 1 0 2 0 2 2 
Oxychilus depressus 0 0 0 0 0 0 2 2 0 2 0 0 9 
Daudebardia rufa 0 0 0 0 0 0 0 0 2 0 0 0 0 
Daudebardia brevipes 0 0 0 0 0 0 1 0 1 0 0 0 0 
Carpathica calophana 0 0 0 0 0 0 0 0 0 0 0 0 0 
Zonitoides nitidus 8 40 49 0 13 0 0 0 0 0 0 0 0 
Euconulus fulvus 11 14 Y 0 4 EM Sil TM 10 3 6 11 5 
Euconulus alderi 0 0 2 0 0 0 0 0 () ND 0 0 0 
Cochlodina laminata 0 0 0 7357 69 “MS wet 11 46 15 19 EO" "26 
Cochlodina costata 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cochlodina orthostoma 0 0 0 0 0 0 5 5 4 6 9 4 29 
Ruthenica filograna 0 0 0 0 0 0 0 0 0 0 0 0 0 
Macrogastra ventricosa 0 0 0 0 0 0 1 6 4 0 "We 2 9 
Macrogastra latestriata 0 0 0 0 0 0 0 0 0 0 0 0 0 
Macrogastra plicatula 0 0 0 0 0 0 24 13 5 9 0 16 9 
Macrogastra tumida 0 0 0 0 0 0 0 0 0 0 0 0 0 
Clausilia parvula 0 0 0 0 0 0 2 2 0 T2 9M 9 6 
Clausilia dubia 0 0 0 0 0 ONE ^ 9 j— 9 28 
Clausilia pumila 0 0 0 0 0 0 0 0 0 0 0 0 0 
Clausilia cruciata 0 0 0 0 0 0 0 0 0 0 0 0 0 
Clausilia bidentata 0 0 0 0 0 0 0 0 0 0 0 0 0 
Laciniaria plicata 0 0 D 18 0 0 0 0 0 0 0 0 0 
Alinda biplicata 0 0 0 0 0 77 34 49 113 133 62 66 64 
Balea fallax 0 0 0 0 0 0 0 0 0 0 0 0 0 
Balea stabilis 0 0 0 0 0 0 0. 0 0 0 0 0 0 
*Vestia sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Holy Cross Ojcow 


Her Wier «Her Hepeier «her Ojo». 6c Qj Oje Oje "Gje (jc 
1 2 3 4 5 6 1 2 3 4 5 6 T 


Vestia gulo 0 0 0 0 0 0 0 0 0 0 0 0 0 
Vestia turgida 0 0 0 0 0 0 0 0 0 0 0 0 0 
Vestia elata 0 0 0 0 O 134 0 0 0 0 0 0 0 
Bulgarica cana 4 0 0 0 0 0 0 0 0 0 0 0 0 
Bradybaena fruticum 0 0 0 65 47 0 0 0 0 0 0 0 0 
Perforatella bidentata 19 Ob «e 0... 45 0 0 0 0 0 0 0 0 
Perforatella dibothrion i-i 0 0 0 0 0 0 0 0 0 0 0 0 
Perforatella incarnata 50 6 20 D 305 17 T 6 $808 22 m 3 25 
Perforatella vicina 0 0 0 0 0 0 9 3 47 38 45 2 8 
Perforatella umbrosa 0 0 0 0 0 0 0 1 T 28 8 4 10 
Perforatella rubiginosa 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Trochulus villosulus 0 0 0 0 0 D 31 9 0 0 0 (E 
*Trochulus hispidus 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Trochulus lubomirskii 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Trochulus bakowskii 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Trochulus bielzi 0 0 0 0 0 0 0 0 0 0 0 0 0 
*Trochulus unidentatus 0 0 0 0 0 0 g 20 14 EM 18 179922 
Euomphalia strigella 0 0 0 dq 1 0 0 0 0 0 0 0 0 
Helicodonta obvoluta 0 0 0 0 0 0 0 0 0 0 0 0 0 
Helicigona lapicida 0 0 0 0 0 0 1 0 2 1 2 0 1 
Arianta arbustorum 0 0 0 O Ss 0 0 0 0 0 0 0 0 
Causa holosericum 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chilostoma faustinum 0 0 0 0 0 0 14 9 26 70 42 40 64 
Drobacia banaticum 0 0 0 0 0 0 0 0 0 0 0 0 0 
Isognomostoma 0 0 0 0 0 0 25 13 16 SO TRI 
isognomostoma 
Cepaea hortensis 0 0 0 0 0 0 0 0 0 0 0 0 2 
Cepaea nemoralis 0 0 0 0 0 0 0 0 0 0 0 0 0 
Helix pomatia 0 0 0 o a2 9 0 0 0 4 4 0 0 
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APPENDIX 3 


TABLE 1. DCA of 161 sites based on all species. Spearman's correlation coefficients between explanatory 
variables and sites scores on the first four axes. Correlations with species richness and abundances are also 
shown. Values of Spearman correlation coefficient (r,) and significance probabilities (P) are shown. Significant 
correlations after Bonferroni correction are in bold (the cut level was P = 0.0014). Whitney U test was used for 
testing relationships between nominal variables and sites scores on the DCA axes. Significant relationships 
(P = 0.05) are in bold. Eigenvalues: 1st axis 0.332, 2nd axis 0.132, 3rd axis 0.082, 4th axis 0.060. Percentage 
variance of the species data explained: 1st axis 16.9%, 2nd axis 6.796, 3rd axis 4.296, 4th axis 3.0%. 


DCA1 DCA2 DCA3 DCA4 
Continuous and ordinal te a fe E lie P ie P 
Environment 
Rock 0.39 <0.001 -0.53 <0.001 0.36 <0.001 0.37 «0.001 
Limestone 0.35 «0.001 -0.44 «0.001 0.27 «0.001 0.19 .. OHIO 
Slope 0.56 «0.001 -0.31 «0.001 0.20 0.009 22 0:005 
Wet -0.27 — «0.001 0.29 «0.001 -0.35 «0.001 -0.13 0.097 
Disturbance 0.03 0.740 003 W730 -0.28 <0.001 -0.03 0.714 
Conifers -0.42 <0.001 0.29 <0.001 0.04 0.642 -0.10. 0.227 
Beech 0.51 <0.001 -0.32 <0.001 0.36 «0.001 -0.04 0.597 
Mixed deciduous wood -0.11 0.159 -0.24 0.003 -0.32 «0.001 0.00 0.973 
Alder/Willow -0.30 | «0.001 0.28 «0.001 -0.42 «0.001 -0.12 0.143 
Ash 0.00 0.954 0.04 0.628 -0.34 «0.001 0:05 0.518 
Wet indicator herbs 0:08 00318 0.40 «0.001 -0.25 — «0.001 0:05 — 0.992 
Dog's mercury -0.07 0.385 -0.55 «0.001 0.09 0.257 0.21 0.007 
Rich indicator herbs -0.04 0.607 -0.51 «0.001 0.08 0.2835 0.01 0.923 
Acid indicator herbs -0.13 0.104 0.30 «0.001 0.07 0.382 -0.08 0.320 
combination 
Altitude 0.67 «0.001 -0.08 0.311 0.29 «0.001 0.42 «0.001 
Wet combination -0.22 0.005 0.33 «0.001 -0.44 «0.001 -0.11 0.179 
Rich combination Om 0.180 -0.65 «0.001 Os 20:515 0.19 0.017 
Poor combination 0.16 0.046 003 UNS 0.38 <0.001 -0.12 0.129 
Climate 
Mean Annual Temp. 0.03 0.686 DOF 065358 -0.01 0.932 -0.09 0.264 


Max. Temp. Warm. Month -0.01 0.885 0.41 <0.001 -0.03 0.682 -0.22 0.004 
Min. Temp. Cold. Month -0.47 «0.001 -0.36 — «0.001 0.01 0.942 -0.05 0.561 


Annual Precipitation 0.74 <0.001 -0.09 0.253 0.29 <0.001 0.27 «0.001 
Precip. Sean. CV © 0.31 «0.001 -0.31 «0.001 0.02 0.768 0.48 «0.001 
opace 
Latitude -0.89 «0.001 -0.02 0.830 -0.21 0.008 -0.13 0.089 
Longitude 0.06 0.482 0.67 «0.001 0.18 0.025 -0.56 — «0.001 
Lat.*Long. -0.13 0.109 0.71 «0.001 0.09 0.280 -0.54 «0.001 
Lat.*Lat. -0.89 <0.001 -0.02 0.830 -0.21 0.008 -0.13 0.089 
Long.*Long. 0.06 0.482 0.67 «0.001 0.18 0.025 -0.56 | «0.001 
Lat.*Lat.*Long. -0.24 0.002 0.64 <0.001 0.01 09965 -0.60 <0.001 
Lat.*Long.*Long. -0.07 0.369 0.69 <0.001 0.13 0.114 -0.53 <0.001 
Lat.*Lat.*Lat -0.89 «0.001 -0.02 0.830 -0.21 0.008 -0.13 0.089 
Long.*Long.*Long. 0.06 0.482 0.67 <0.001 0.18 0.025 -0.56 — «0.001 
No. Individuals -0.09 0.242 -0.15 0.055 -0.23 0.003 0.11 0.178 


No. Species 0.34 «0.001 “itz OZ -0.11 0.162 O15. — Q496 


(continues) 


BIOGEOGRAPHY OF SNAIL FAUNAS IN POLISH FORESTS 


(continued) 


Nominal (P values) 


Environment 
Stream 
Timber 
Bare 


DCA1 


0.238 
0.437 
0.011 


DCA2 


0:515 
0.154 
0.556 


DCA3 


0.143 
0.799 
0.001 


DCA4 


0.068 
0.910 
0.9155 
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TABLE 2. DCA of 161 sites based on large species. Spearman's correlation coefficients between ex- 
planatory variables and sites scores on the first four axes for continuous and ordinal variables. Values 
of Spearman correlation coefficient (r;) and significance probabilities (P) are shown. Significant correla- 
tions after Bonferroni correction are in bold (the cut level was P = 0.0014). Whitney U test was used for 
testing relationships between nominal variables and sites scores on the DCA axes. Values of P« 0.05 
in bold. Eigenvalues: 1st axis 0.443, 2nd axis 0.165, 3rd axis 0.101, 4th axis 0.088. Percentage variance 
of the species data explained: 1st axis 16.696, 2nd axis 6.196, 3rd axis 3.896, 4th axis 3.396. 


Continuous and ordinal 


Environment 
Rock 
Limestone 
Slope 
Wet 
Disturbance 
Conifers 
Bee 
mdw 
aldwil 
Ash 
weth 
dogsm 
richh 
acidh 
Altitude 
Wet combination 
Rich combination 
Poor combination 


Climate 
Mean Annual Temp. 
Max. Temp. Warm. Month 
Min. Temp. Cold. Month 
Annual Precipitation 
Precip. Sean. CV 


DCA1 


E 


0.36 
0.34 
0.55 
-0.27 
0.02 
-0.41 
0.49 
-0.17 
-0.29 
0.01 
012 
-0.14 
-0.11 
-0.11 
0.69 
-0.22 
0.03 
0.16 


0.08 
0.09 
-0.54 
0.73 
0.27 


DCA2 


Fs 


0.68 
0.43 
0.42 
-0.39 
-0.06 
-0.31 
0.37 
0.05 
-0.42 
-0.14 
-0.30 
0.46 
0.38 
-0.24 
0.40 
-0.43 
0.53 
0.04 


-0.10 
-0.42 
0.22 
0.33 
0.49 


DCA3 
Fe x 
O79 0018 
0.15. 0.056 
0.23 0.004 
-0.37 «0.001 
-0,04 0.578 
-0.13 0.109 
0.36 <0.001 
-0.21 0.009 
-0.40 <0.001 
-0.26 <0.001 
-0.23 0.008 
-0.12 0.128 
0.09 0.278 
0.07 0.401 
0:17 — (0:090 
-0.44 «0.001 
-0.04 0.598 
0.26 «0.001 
0.18 0.024 
0.22 0.005 
-0.07 0.370 
Qs 0.10 
-0.02 0.845 


DCA4 
E m 
0.19 0.014 
0.17 Q027 
0.01 0.876 
-0.08 0.291 
-0.24 0.003 
0.19 ao 
O05 — 05959 
-0.33 | «0.001 
-0.12 0.126 
-0.13 0.103 
0.09 0.232 
-0,05. 0570 
-0.13 0.089 
0.05 0.568 
0.23 0.004 
-0.08 0.286 
-0.09 0.254 
0.19 0.014 
-0.05 0.489 
0.07 0.362 
-0.12 0.140 
0.33 «0.001 
-0.09 0.235 
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(continued) 


Space 
Latitude 
Longitude 
Lat.*Long. 
Lat.*Lat. 


Long.*Long. 
Lat.*Lat.*Long. 
Lat.*Long.*Long. 
Lat.*Lat.*Lat 
Long.*Long.*Long. 


Nominal (P values) 


Environment 
Stream 
Timber 
Bare 


-0.90 
Onn 
-0.01 
-0.90 
0.17 
-0.15 
0.05 
-0.90 
0.17 


DCAT1 


0.467 
0.297 
0.006 


CAMERON ETAL. 


«0.001 
0.030 
0.878 

«0.001 
0.030 
0.055 
0.554 

«0.001 
0.030 


DCA2 


0.643 
0.460 
0.079 


-0.18 
-0.72 
-0.78 
-0.18 
-0.72 
-0.78 
-0.75 
-0.18 
-0.72 


DCA3 


0.045 
0.360 
<0.001 


0.023 
<0.001 
<0.001 

0.023 
<0.001 
<0.001 
<0.001 

0.023 
<0.001 


DCA4 


0.327 
0.931 
0.090 


-0.18 
0.26 
Uu 

-0.18 
0.26 
Ori" 
023 

-0.18 
0.26 


0.021 
«0.001 
0.014 
0.021 
«0.001 
0.161 
0.007 
0.021 
«0.001 


-0.17 
0.30 
0.27 

-0.17 
0.30 
0.17 
0.32 

-0.17 
0.30 


0.035 
«0.001 
«0.001 

0.085 
«0.001 

0.033 
«0.001 

0.035 
«0.001 


TABLE 3. DCA of 161 sites based on small species. Spearman's correlation coefficients between ex- 
planatory variables and sites scores on the first four axes for continuous and ordinal variables. Values 
of Spearman correlation coefficient (r;) and significance probabilities (P) are shown. Significant correla- 
tions after Bonferroni correction are in bold (the cut level was P = 0.0014). Whitney U test was used for 
testing relationships between nominal variables and sites scores on the DCA axes. Values of P« 0.05 
in bold. Eigenvalues: 1st axis 0.218, 2nd axis 0.085, 3rd axis 0.060, 4th axis 0.049. Percentage variance 
of the species data explained: 1st axis 22.296, 2nd axis 8.5%, 3rd axis 6.8%, 4th axis 5.0%. 


Continuous and ordinal 


Environment 
Rock 
Limestone 
Slope 
Wet 


Disturbance 


Conifers 
Bee 
mdw 
aldwil 
Ash 
weth 
dogsm 
richh 
acidh 
Altitude 


DCA1 


rs 


0.44 
0.40 
0.51 

-0.30 
-0.02 
-0.39 
0.50 
0.05 
-0.29 
-0.01 
-0.12 
0.16 
0.15 
-0.17 
0.45 


DCA2 


rs 


-0.01 
-0.08 
0.10 
0.06 
0.08 
-0.11 
0.08 
-0.24 
0.03 
0.05 
0.32 
-0.39 
-0.30 
0.05 
0.47 


DCA3 


rs 


0.31 

0.10 
0.46 
-0.20 
0.06 
-0.18 
OMG 
-0.04 
-0.21 
-0.13 
0.04 

-0.08 
-0.16 
0.05 

0.41 


DCA4 


rs 


-0.01 
GNI 
-0.05 
0.07 
0.02 
-0.11 
0.01 
0.01 
0.10 
0.21 
0.14 
0.01 
0.04 
-0.11 
-0.12 


0.875 
0.028 
0.542 
0.362 
0.756 
0.181 
Uno 
0.861 
0.216 
0.007 
0:075 
0.876 
0.615 
0.180 
0.137 
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(continued) 


Wet combination 
Rich combination 
Poor combination 


Climate 
Mean Annual Temp. 
Max. Temp. Warm. Month 
Min. Temp. Cold. Month 
Annual Precipitation 
Precip. Sean. CV 
-Space 
Latitude 
Longitude 
Lat.*Long. 
Lat.*Lat. 
Long.*Long. 
Lat.*Lat.*Long. 
Lat.*Long.*Long. 
Lat.*Lat.*Lat 
Long.*Long.*Long. 
Nominal (P values) 
Environment 
Stream 


Timber 
Bare 


-0.26 
0.31 
0.14 


0.01 

-0.13 
-0.20 
0.56 
0.28 


-0.69 
-0.12 
-0.29 
-0.69 
-0.12 
-0.34 
-0,24 
-0.69 
-0.12 


DCA1 


0.067 
0.767 
0.029 


«0.001 
«0.001 
0.087 


0.882 
0.089 
0.010 
«0.001 
«0.001 


«0.001 
0.125 
«0.001 
«0.001 
0.125 
«0.001 
0.003 
«0.001 
0.125 


DCA2 


0.035 
0.962 
0.049 


OM 
-0.29 
0.03 


-0.11 
0.05 
-0.46 
0.48 
0.09 


-0.53 
0.08 
0.01 

-0.53 
0.08 
-0.09 
0.03 
-0.53 
0.08 


DCA3 


0.665 
0.147 
0.019 


0.176 
«0.001 
0.665 


0.160 
0:599 
«0.001 
«0.001 
0.275 


«0.001 
0.298 
0.883 

«0.001 
0.298 
0.241 
0.723 

«0.001 
0.298 


DCA4 


0.814 
0.569 
0.063 


-0.20 
-0.04 
0.05 


-0.01 
0:03 
-0.28 
0.46 
Cells, 


-0.41 
-0.02 
-0.07 
-0.41 
-0.02 
-0.17 
-0.05 
-0.41 
-0.02 


0.011 
0.604 
0:598 


0.888 
QUT 
«0.001 
«0.001 
0.016 


«0.001 
0.759 
0.360 

«0.001 
0.759 
0.034 
0.506 

«0.001 
0.759 


0.13 
0.08 
-0.08 


0.20 
0:19 
0.11 
-0.10 
0.01 


-0.05 
0-12 
0.08 

-0.05 
0.12 
0.07 
0.11 

-0.05 
0.12 


193 


0.090 
0.288 
0.332 


0.010 
O07 
0.147 
0.205 
0.914 


0.530 
0.143 
0.318 
0.530 
0.143 
0.378 
OA 
0.530 
0.143 
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TABLE 4. Results of partitioning variation using partial CCAs and Monte Carlo permutation test with 1999 
runs. In each group only the five most powerful predictors were chosen (based on separated CCAs, 
forward selection and MC test for each group of variables). All were significant - MC test. The right sec- 
tion shows the independent variation for each group, i.e. variation explained when other two groups of 
variables were used as covariables. AnnPrec, annual precipitation; PrecSeas, coefficient of variation in 
seasonal precipitation, MaxTemWa, maximum temperature in warmest month, MeanAnnTemp, mean 
annual temperature; MinTempCo, minimum temperature in coldest month. 


All variation explained 


Geography Order in Forward selection % 
Latitude 1 9.9 
Longitude 2 6.1 
Lat*Long 3 5.6 
Lat*Lat 4 3.4 
Long*Long*Long 5 2 

total 27.2 


All variation explained 


Climate Order in Forward selection % 
AnnPrec 1 7.9 
PrecSeas 2 4.0 
MaxTemWa 3 3.9 
MeanAnnTemp 4 3.3 
MinTempCo 5 20 

total 21.2 


All variation explained 


Environment Order in Forward selection % 
Altitude 1 6.8 
Rock 2 4.6 
Beech 3 2.0 
Lime 4 1.8 
Dogs Mercury 5 TES 


total 17.1 


Independent variation 


Order in Forward selection 


ohm Fw = 


Independent variation 


Order in Forward selection 


NOA — O 


Independent variation 


Order in Forward selection 


ow fk => N 


% 


3.0 
3.5 
2.2 
er 
0.9 
11.3 


% 


1.8 
1.4 
0.9 
019 
i 
6.0 


% 


NE 
1.3 
1.3 
m 
0.6 
5.6 


